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PREFACE  TO  THE  THIRD  EDITION. 


During  the  eighteen  months  which  have  elapsed  since  the  appear- 
ance of  the  second  edition^  several  important  advances  have  been  made 
in  pharmacology^  necessitating  corresponding  changes  in  the  text.  The 
most  interesting  of  these  advances  is  the  authoritative  and^  it  is  to  be 
hoped,  final  determination  of  the  food  value  of  alcohol,  which  has  been 
treated  in  more  detail  than  in  former  editions.  The  increasing  use  of 
cocaine  as  a  local  ansesthetic,  and  the  introduction  of  the  subarachnoid 
method  of  medication  required  an  expansion  of  the  chapter  on  this 
drug,  and  the  same  may  be  said  of  the  pages  devoted  to  the  adrenal 
gland.  Numerous  minor  changes  have  been  made  to  bring  the  text  up 
to  date  and  several  new  illustrations  have  been  added. 

Some  experience  in  teaching  pharmacology  has  led  me  to  devote  the 
last  part  of  the  term  to  a  review,  in  which  the  drugs  are  classified  ac- 
cording to  their  therapeutic  uses.  There  is  then  an  opportunity  to 
compare  the  relative  advantages  of,  and  the  special  indications  for 
difiercnt  remedies,  which  is  necessarily  absent  in  the  earlier  part  of  the 
course.  In  order  to  facilitate  this  part  of  the  work,  such  a  classifica- 
tion has  been  appended  to  this  edition. 

I  have  again  to  express  my  gratitude  to  the  teachers  of  pharmacol- 
ogy for  the  welcome  accorded  the  first  two  editions,  as  well  as  for 
many  helpful  suggestions  for  this  one. 

A.  R.  C. 
(6) 


PREFACE  TO  THE  FIRST  EDITION. 


The  following  pages  were  written  to  supply  a  want  which  I  have 
felt  keenly  in  teaching  the  subject  of  pharmacology  to  students  who 
have  completed  the  purely  scientific  branches  of  medicine  and  are  be- 
gioning  their  clinical  studies.  My  object  has  been  to  bridge  over  the 
hiatus  which  exists  between  the  phenomena  occurring  in  the  normal 
organism  and  those  which  are  elicited  in  the  therapeutic  use  of  drugs, 
to  show  how  far  the  clinical  effects  of  remedies  may  be  explained  by 
their  action  on  the  normal  body,  and  how  these  may  in  turn  be  cor- 
related with  physiological  phenomena.  It  necessarily  follows  that  the 
subject  is  treated  from  the  experimental  standpoint,  and  that  the  re- 
salts  of  the  laboratory  investigator  are  made  the  basis  of  almost  every 
statement.  Where  these  fail  to  elucidate  the  therapeutic  effects  or 
even  to  suggest  a  possible  explanation,  I  have  preferred  to  leave  the 
question  undiscussed  rather  than  to  call  on  such  occult  dei  ex  maMna 
as  alterative  or  tonic  actions. 

Two  great  difficulties  present  themselves  at  the  outset  to  the  writer 
on  pharmacology  who  is  not  satisfied  to  take  his  statements  at  second 
hand,  or  to  formulate  explanations  from  his  unaided  inner  conscious- 
ness ;  these  are  the  overwhelming  literature  on  the  subject,  and  the 
vide  limits  of  the  field  of  study.  As  regards  the  first,  I  have  read,  as 
&r  as  was  in  my  power,  the  original  papers  of  importance,  and  in  order 
to  facilitate  the  work  of  others  who  may  wish  to  follow  this,  the  only 
satisfactory  method  of  study,  have  appended  a  bibliography  to  each 
chapter.  It  was  impossible  within  the  limits  of  a  textbook  to  make 
this  complete,  or  even  to  enumerate  more  than  a  few  of  the  works  con- 
sulted, and  I  have  accordingly  selected  those  which  appeared  most 
important,  and  those  which  were  furnished  with  the  most  complete 
bibliography. 

As  regards  the  scope  of  the  work,  I  have  attempted  to  give  the 
present  standpoint  of  knowledge  of  such  bodies  as  are  of  therapeutic  or 
toxicological  interest,  and  also  of  those  which,  possessing  in  themselves 
no  immediate  interest  in  practical  medicine,  have  thrown  important 
light  on  biological  problems,  and  are  accordingly  likely  to  be  referred 
to  in  scientific  literature. 


H  PREFACE. 

Unfortunatelj,  a  writer  on  this  subject  cuinot  as  yet  restrict  bis  at- 
teotioD  to  tbese  classes,  but  must  refer  at  more  or  less  length  to  mauy 
drugs  which  possess  little  interest  either  from  a  therapeutic  or  a  scien- 
tific point  of  view.  It  is  true  that  the  more  advanced  teachers  of 
medicine  have  very  prc>perly  abbreviated  their  lists  of  remedies,  until 
those  generally  employed  may  be  enumerated  in  units  where  they  were 
once  counted  in  scores,  but  the  student  on  going  into  practice  meets 
numbers  of  drugs  previously  unknown  to  him,  and  not  appreciating 
that  these  have  already  been  tried  and  discarded  by  his  teachers,  is 
tempted  to  fall  into  the  slough  of  unreasoning  empiricism.  There  is 
still  a  tendency  even  among  the  educated  to  ascribe  therapeutic  virtues 
to  every  new  Weed  and  every  new  product  of  chemical  industry^  and 
the  teacher  of  pharmacology  must  not  only  point  out  the  good,  but  has 
the  more  ungrateful  task  of  condemning  the  worthless.  The  period  of 
constructive  pharmacology  has  scarcely  dawned ;  at  present  its  chief 
function  is  destructive  and  critical. 

In  dealing  with  each  drug,  I  have  attempted  to  unify  the  whole  ac- 
tion by  using  the  most  distinctive  feature  as  a  centre  around  which  to 
group  the  less  important  symptoms.  Where,  as  is  often  the  case, 
there  is  a  divergence  of  views  among  authorities,  I  have  generally  pre- 
sented only  one  side  of  the  question,  except  in  very  important  subjects. 
This  dogmatic  method  has  of  course  its  drawbacks,  but  is,  I  think, 
preferable  to  involving  the  student  in  a  labyrinth  of  arguments  and 
counter-arguments,  the  respective  weight  of  which  he  is  quite  unable 
to  estimate. 

The  [)reparations  enumerated  are  those  included  in  the  United  States 
and  the  British  Pharmacopoeias,  and  such  others  as  seemed  of  sufficient 
importance.  I  have  attempted  to  indicate  by  special  type  (small  capi- 
tals) those  that  arc  more  generally  used. 

Some  explanation  may  seem  necessary  for  the  introduction  of  the 
word  "  therapouticH  "  in  the  title,  in  view  of  the  fact  that  pharmacology 
is  statcKl  in  the  introduction  to  embrace  all  that  part  of  therapeutics 
which  can  l>e  treated  of  ajwrt  from  clinical  lectures.  This  definition 
is  not  univerHally  used,  however,  and  it  has  been  felt  advisable  to  in- 
dicate* more  distinctly  the  scope  of  the  work  by  adding  the  more 
familiar  term. 

To  thoHo  acquainted  witli  the  Grundriss  der  Arzneimittellehre  of 
Schmie<lel)(Tg,  it  is  unnecessary  to  state  that  this  volume  has  been 
largely  inH[)inKl  by  that  classical  work.  Some  chapters  may  in  fact 
b<5  n*gar<l(Hl  as  merely  exjiaiirtions  of  those  issued  from  the  Strassburg 
lalx)rat(>ry,  but  this  must  necessarily  be  the  case  in  any  work  which 
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pretends  to  treat  the  subject  from  the  experimental  standpoint.  The 
use  of  such  a  model  naturally  exposes  the  Mrriter  to  the  criticism  that 
he  has  fallen  short  of  the  original  standard^  especially  when  such 
divergences  are  made  fix)m  it  as  occur  in  this  work.  But  if  I  have 
departed  from  the  letter  in  some  respects^  I  hope  that  at  least  the  spirit 
of  the  Grundriss  has  been  preserved  in  these  pages.  I  must  acknowl- 
edge my  indebtedness  for  references  to  papers  which  might  have 
otherwise  escaped  my  notice  to  the  following  textbooks:  Kobert's 
Lehrbuch  der  Iidoxicaiioneriy  Lewin's  Nebenvnrkungen  der  Arzneimittdf 
Husemann's  P/lamendqffe,  Harnack's  ArzndmiUeUehre,  H.  C.  Wood^s . 
TherapeuJlics,  its  Principles  and  PrdcUces  and  Stokvis'  Lecons  de  Phar- 
macotherapies 

Finally,  I  have  much  pleasure  in  acknowledging  the  assistance  of  my 
colleagues  in  the  preparation  of  this  work,  particularly  that  of  Profes- 
sor Huber,  who  furnished  several  of  the  illustrations.  Dr.  G.  B. 
Wallace  has  put  me  under  lasting  obligations  through  the  patience  and 
care  which  he  has  bestowed  on  the  tedious  task  of  proof-correction, 
and  I  must  thank  Dr.  W.  Mogk  also  for  his  assistance  in  this  part  of 
the  work. 

University  of  Michigan, 
Ann  Abkob,  Mich.,  June,  1899. 
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A  TEXT  BOOK  OF  PHARMACOLOGY. 


INTRODUCTION. 


Pharmaooi/xiy  is  the  stufiy  of  thg  ^haiigas  iiidiiced  in  living  orgf^n- 
jgma  by  the  admttiistratioD  in  a  state  of  minute  divisiop  of  such  un- 
ai^^aDized  substances  as  do  not  act  merely  as  foods>  Many  of  the  best 
inown  of  these  substances  are  u^ed  to  counteract  the  effects  of  disease, 
or  to  reinforce  the  tissues  in  their  struggle  to  maintain  their  functions, 
when  these  are  rendered  abnormal.  These  substances  are  knowTi  as 
^yg^t  and  the  art  of  applying  drugs  in  disease,  is  2?f^rit£e\iHc8.  Other 
Stttetances  are  of  little  or  no  value  in  disease,  but  are  oflmportanoe 
because  they  act  as  ^u^m^f  that  is,  cause  dangerous  or  fatal  symptoms 
in  man  or  animals,  when  they  are  ingested  in  quantity.  The  practical 
study  of  the  effects  of  these  poisons  in  man — ^the  diagnosis  and  the 
tfeatment  of  poisoning,  and  the  methods  of  detecting  the  poison  —  is 
ti'rme<l  Yftxlcofo^i/.  But  the  explanation  of  the  symptoms  iuduceil  by 
chemical  substances,  and  their  study,  as  apart  from  their  praetiail  ap- 
plieutions,  belong  to  the  field  of  pharmacology,  which  includes  not  only 
the  effects  of  drugs  and  poisons,  but  tliose  of  any  sul>stant^  which 
tmluiH^  changes  in  the  living  organism,  whether  those  changes  are  of 
eoefit  to  it,  injurious,  or  quite  indifferent.* 

The  .substances  raust,  of  course,  conforia  to  the  requirements  of  tlie  defini- 
tion. ThuA,  a  ueedle  introriuce<l  into  the  tissues  induces  edecta  which  are 
ouiHide  the  Held  of  pharmacological  investigation^  because  it  is  not  in  a  state 
of  minute  division.  But  the  iron  of  the  needle  may  be  reduced  to  a  tine 
powder  and  induce  chang-cs  in  the  body  which  are  then  the  legrilimate  subject 
of  raeettrch.  Similarly  the  drug  must  l>e  introduced  from  without,  for  many 
actiye  agents  are  formed  within  the  body,  but  their  study  belongs  rather  lo 
lh«  departments  of  physiolog>'  and  pathology  ;  iind  the  effects  of  organiiced 
bodied  introduced  from  without  are  now  studied  under  bacteriology.  Phar- 
maootog}*  is  really  a  department  of  biology,  ver>'  closely  related  to  the  other 
ecl«QOee  included  by  that  term.  Thus,  as  physiologj'  is  the  study  of  the  life 
of  the  normal  organij^m,  pharmacolof?>'  is  the  study  of  the  organism  rendered 
abnormal  by  drugs,  while  in  pathology  the  phenoraeun  of  life  under  dlfleiiee 
are  examined.  All  three  subjects  may  be  pursued  without  reference  to  the 
(imctioal  needs  of  medicine,  and  M  three  are  closely  intc^rconnected  and 
mtittially  dependent,  for,  in  many  instances,  the  normal  condition  of  an 
organ  can  be  recognized  only  by  considering  the  results  of  its  d^tmction 
by  dteciie  (pathology)^  or  of  its  paralysis  or  stimulation  by  chemical  agents 

^  It  b  Quite  impovible  to  distingaish  between  dmgB  and  poiAoiw.     Almost  all  reme- 
dlei|;iten  m  e^cen  caaae  dangerous  or  fatal  symptoms,  while  many  poisons  are  Tmluable 
femedif  in  small  doses*    Some  bodies  may  in  fact  be  remedies,  foods,  or  potsoos  aocofd- 
l^f  lo  llie  ^oantitj  iogeited  and  the  method  of  application. 
%  17 
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(pharmacology^).  SimiUirly,  many  of  the  features  of  disease  are  now  roe-  1 
o^iiized  to  }j<.'.  due  to  tlie  preseDce  of  unorganized  poisons  formed  in  aud  by 
the  tissues,  and  it  aet'ordingly  becomes  dMIk-ult  to  uecurately  define  the 
limiti^  of  pathoU>g>'  mid  pharmacology.  Thus,  the  toxines  formed  by  microbes 
re^serable  iu  their  action  some  of  the  ordinal^'  dru|fs  or  poisons,  and  might  be 
c-onsidered  alonjr  with  these.  But  the  study  of  these  toxines  is  sti  closely 
bound  up  with  that  of  the  niierobes  from  which  they  originate,  that  it  has 
been  thought  better  to  leave  them  to  be  treated  by  special  text  books  on  bac- 
teriolog>'.  For  a  similar  reason  the  antitoxiues,  winch  phiy  so  prominent  a 
r61e  in  modern  therapeutics,  may  be  excluded  from  treatises  ou  phaimacol- 
ogy,  for  tlie  present  at  any  rate. 

Even  when  these  limitations  are  accepted,  pharmacology  has  an 
enormous  field  to  cover,  and  one  wliioli  lias  been  only  very  partially  ex- 
plored at  the  present  day,  in  spite  of  the  nn remitting  industry  of  many 
invci^ti gators.  But  a  small  part  of  the  snliject  has  been  sufficiently 
developed  to  admit  of  text-book  treatment,  tliat  namely,  which  19  con- 
cerned with  drugs  used  in  therapeutics  aud  with  the  commoner  poisons. 
The  slow  advance  of  i»harmacology  is  partly  due  to  its  position  midway 
between  the  biological  sciences  and  practical  th  era  pen  tics,  for  while  the 
biologist  confounds  it  with  clinical  study,  the  clinician  regards  it  as  an 
experimental  science.  Its  relation  to  biology  has  already  been  meo- 
tinned  and  its  relation  to  practical  therapeutics  is  no  less  close,  for  the 
effects  of  drugs  in  disease  are  as  nmch  a  part  of  pharmacology  as  is  their 
action  in  the  normal  organism.  The  aims  of  the  pharmacologist  and  the 
clinician  are  not  identical,  however.  The  former  seeks  to  solve  the 
problem  how  the  drug  acts  in  a  given  case,  while  the  primarj^  object  of 
the  latter  is  to  remedy  the  condition  by  any  means  in  his  power.  Thus, 
in  a  case  of  heart  weakness,  the  clinician  prescril>es  some  remedy  which 
he  has  found  of  benefit  in  other  similar  cjises,  and  regards  only  as  of 
secondary  intere*st  the  question  which  to  the  pharmacologist  is  the 
absorbing  one,  namely,  whether  the  drug  acts  on  the  heart  directly  or 
through  some  other  organ.  Of  course  the  results  are  of  mutual  ad- 
vantage, for  the  physician  supplies  the  experimental  investigator  with 
new  facts  and  with  new  fields  of  inquiry,  while  the  latter  muy  indicate 
more  exactly  the  conditions  in  which  the  drug  is  likely  to  be  of  benefit 
in  the  future  by  defining  the  method  in  which  it  acts*  It  is,  therefore, 
much  to  be  regretted  that  differences  of  opinion  so  oft^n  arise  between 
these  two  classes  of  observers,  for  these  can  only  retard  the  progress  of 
both  the  science  and  tlie  practical  art.  Doubtless  there  are  often  faults 
on  both  sides.  The  scientist  sometimes  insists  loo  strongly  on  induc- 
tions drawn  from  a  limiled  number  of  animal  experiments,  and  refuses 
to  admit  results  which  have  Ix^eu  obtained  iu  thousnnds  of  cases  of  dis- 
ease by  competent  observers.  On  the  other  hand,  the  the  rai>eutist  often 
lays  t4:)o  little  weight  on  the  general  principles  governing  the  interaction 
of  the  drug  aud  the  organism.  Both  often  exceed  the  limits  of  their 
provinces,  the  scieutist  in  refusing  to  admit  elFects  of  which  he  has  per- 
force but  a  small  experience,  the  clinician  iu  attempting  to  refute  de- 
ductions founded  on  experiments  which  he  has  no  opportunity  of  per- 
forming.    An  example  may  render  the  relation  of  these  allied  subjects 


bas  been  recently  offered  in  tlie  discussion  regarding 
feels  of  iron.     This  motiil  liiis  been  used  fuv  manv  years  in  a  form 

r        m 

of  inaeniia,  and  its  cunitive  properties  are  attested  by  many  thnnsnnds 
rf  Obies  and  by  whole  generations  of  praotieal  physicians,  A  phar- 
lAMkilngLSt,  therefore,  exceeds  his  province  when  he  expresses  doubt 
regttduig  this  clinical  fact  simply  beeiiuse  he  is  unable  to  ex|ilain  it, 
boi  he  is  mthin  his  rights  in  discussing  the  means  by  which  iron  acts 
mz  remedy.  The  clinician,  on  the  other  hand,  enters  on  a  pharma- 
cological (juestion  when  he  attempts  to  determine  whether  iron  acts  by 
ibgorptioQ  or  by  its  presence  in  the  bowel,  and  must  base  his  argu- 
■HitB  on  scientific  exi>eriment  and  not  on  his  clinical  experience  of  the 
milive  effects  of  the  metal.  Fortunately  for  the  progress  of  malieine 
md  pharmacology,  the  scientific  clinician  is  inibned  with  the  desire  to 
ttoertain  the  methods  in  which  drugs  act  as  well  as  to  cure  disease,  and 
thoB  ttnites  clinical  observ^atiou  with  phurniacnlogieal  research.  It  is 
to  be  anticipated  that  the  results  of  the  practical  physician  and  of  the 
imental  investigator  will  come  into  more  complete  accord  as 
ore  exact  methods  of  clinical  research  are  used  by  the  former,  and 
er  laborati^ry  experience  is  attained  by  the  latter.  But  both 
is  are  necessary  to  the  complete  knowle<lge  of  the  action  of  a 
Animal  experiment  cannot  be  dispensed  with,  for  only  thus 
I  the  action  of  drugs  be  ascertained  in  detail  and  expeditioiisly,  and 
;  the  present  time,  when  a  new  remedy  appears  almost  every  week,  it 
ssible  tti  await  the  verdict  of  the  clinics  to  separate  the  useful 

ithe  worthless,  even  if  it  were  j:>erraissible  to  apply  to  the  human 

mhject  drugs  of  unknown  action  and  potency. 

Pharmacology  is  one  of  the  most  reoent  developments  of  medical  and 
biological  dcienoe.  It  is  true  that  from  the  earliest  times  attempts  have 
been  made  to  explain  the  effects  of  drugs  on  the  then  prevailing  theo- 
ries of  pathology,  but  the  objective  study  of  the  action  of  drugs  on  the 
'♦r*ini?5rn  hts  been  a  development  of  the  nineteenth  century,  or  it  might 
iln^Hi  be  said,  of  the  second  half  of  it.  During  this  period  the  same 
methods  of  research  have  been  adopted  as  luul  earlier  proved  so  fruitful 
m  |)hysiology  and  |xUhology,  and  with  equjilly  ha|>py  results,  Tlie 
•liiily  of  drugs  was  termed  MfXteria  Mtdiat  up  t^)  tliis  time,  and  cora- 
pri<tfd  an  examination  of  their  botanical  and  chemical  properties  along 
wh  gome  account  of  the  diseases  in  which  they  had  proved  of  value. 
Thif  descriptive  rattier  than  experimental  study  lias  been  continued 
^'"1 !  T  the  name  of  PIiOrnnacognoHif^  hut  is  now  pursued  by  uharraaeists 
fiirily.  Undoubtedly  the  student  of  mecheine  ought  to  know  those 
^^haracters  ol  drugs  which  are  of  iraportjince  as  moilifying  their  action 
Tni  ipplication,  but  it  is  undesirable  that  his  valuable  time  should  be 
'  jjHcd  in  the  tletailed  description  of  crude  substances,  which  he  may 
pmbhly  never  have  an  opportunity  of  seeing  in  his  future  practice. 

Another  subject  which  now  occupies  a  much  less  prominent  iwsition 
in  medical  study  than  formerly,  is  Phanjuwi/j  or  the  art  of  preparing 
inigs  for  therapeutic  use.  Some  general  knr>wledge  of  the  methods 
^Hnl  is  DO  doubt  indispensable  to  the  educated  physician,  but  the  de- 
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tails  may  be  kft  to  the  pharmacist.  Pharmacy  will  probably  oceiipv  a 
still  more  subordinate  position  in  medical  education  as  the  tendt^noy 
to  include  only  one  or  two  drugs  in  a  prescription  becomes  more  widt^- 
spread.  As  long  as  a  dozen  or  more  components  went  to  make  one 
mixture,  it  was  of  importance  to  know  their  solubility  and  their  inter- 
actions, but  with  the  decay  of  the  complex  prescription  the  study  of 
pharmacy  by  medical  students  has  certainly  become  less  im|KTativ'e. 

MODE  OF  ACTION  OF  DEtJGS.     STIMULATION, 
DEPRESSION  AND  IRRITATION. 

A  small  number  of  drugs  affect  the  organism  only  through  their  ph 
skal  propcrtiesj  as  when  an  inert  oily  body  is  applied  to  an  ahradecf 
surface  and   proniott^  its  heating  by  protecting  it  from  irritation  and 
from  tlie  evaporation  of  fluid,  or  when  common  salt  absorlied  into  the 
blutxl  changes  its  osmotic  tension,  and  thus  alters  the  distribution  ot* 
fluids  in  the  tissues. 

But  the  i^reat  jfuajoritv  of  drugs  act  through  their  rhank'ai  aflin|ty 
for  certain  forms  of  living  matter;     Tjiey  proljal>]v  form  temj>or^v 
combinations  with  some  fonns  of  .protoplasm^  and  alter  the  function  of 
all  cells  wliich  eontixin  tljese  forms.    At  least  this  is  the  only  explana- 
tion of  their  affecting  certain  organs  while  others  esaipe  their  influ- 
ence.   To  take  an  example,  the  c-el Is  of  the  spinal  et^rd  normally  receive 
'  sensory  impressions  from  the  exterior  and  send  out  motor  impulses. 
But  under  strychnine  the  motor  impulses  are  ranch  more  violent  than 
usual,  and  this  may  be  expressetl  by  saying  that  the  combination  of 
stiTchnine  and  cord  protoplasm  funrti(ms  more  powerfidly  than  una! 
tered  cord  protoplasm.     The  activity  is  changed,  however,  only  in  de 
gree  and   not  in  kind  ;  the  reflex  movement  may  be  more  powerfid  or  j 
less  powerful  than  norraallyp  but  it  remains  a  reflex  movement  and  can-fl 
not  under  any  circumstances  partake  of  the  nature  of  a  voluntary  move- 
nient.      In  other  words,  the  n^-tum  nf  ^lrui5^  ir^  nn[^ntitntirf>  nnd   n^^f 
qti^d^^^*^'^*^'  the  activity  of  living  matter  may  be  changed,  but  the  form 
which  the  activity  assumes  is  unchangeable. 

In  recent  years  much  attention  has  been  paid  to  a  series  of  natural 
phenomena  occurring  in  the  boriler-land  between  physics  and  chem- 
istry and  the  application  of  the  result.s  of  '^physical  chemistry^*  to 
pharmacology  has  proved  of  great  value  alre-ady  and  promises  to  eluci- 
date in  the  future  many  problems  %vhich  have  hitherto  been  unap- 
proachable. Examples  of  such  applications  wall  be  met  in  the  Meyer- 
Over  ton  tiifM^ry  of  narcosis  and  in  the  chaptei-s  on  salt  action.  The 
tendency  of  study  in  this  direction  is  to  reduce  the  class  of  reactions 
which  have  hitherto  been  ascrihed  to  special  chemical  affinity  between 
drugs  and  protoplasm  and  to  attribute  many  of  the  changes  induced  by  - 
drugs  to  the  physicid  structure  of  the  living  cell  rather  than  to  its  f 
chemical  constitution. 

Drugs  which  increase  the  activity  of  any  organ  or  function  are  said 
to  stijnUflq^  \L  while  those  which  lessen  the  activity  are  said  iQjd^li:e^ 
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i*r  ix>nilition  iuJiiotKl  by  tlru^^^  is  Irnialiaii.  for  attlioiigh  thia 
trfin  U  often  ^|}£Hed_|oosely  as  a  8yaonvm,Jj,>T_^tijiiuln^^'^"j  *^^'*^  ^'^^ 
copditions  are  not  iilfn^jr^tl.  l^timulati^^i  is  properly  used  to  imlicate 
la  mcreage  m  tbe  sjK^cialiaed  tuuctioii  of  a  cell.  |»mduriiig,  for  instance, 
in  tbe  spinal  c5oi^  an  increase  in  the  reflex  excitability.  Xodiatiop, 
m  tbe  other  hand,  is  used  rather  in  reference  to  the  i'Juuj^jes_jo_i|ie 
jP^tiS/^wg  f^pvmon  to  all  forms  of  living,  matter ^  that  is,  it  iiidiaites  a 
)kiiige  in  the  nutrition  and  growth  of  the  cell,  rather  than  in  the 
ipeialbed  fanctions.  Irritation  may  tlius  Ix*  iudiieed  in  all  kinds 
of  ibiiaes  and  is  the  eomnionest  change  caused  by  drugs  in  the  less 
tfkiROtiated  forms  such  as  the  couneetive  tissues  and  onliuary 
i^ittielia  ;  while  stimulation  is  met  with  in  the  more  higlily  sixK'ialized 
odfc^  such  as  those  of  the  heart,  nervous  system,  or  secretory  glands. 
la  many  instances  the  irritant  action  of  drugs  may  be  explained  by 
tkeir  knoMm  relictions  with  the  proteids  of  the  cell  ;  for  exain|jle,  sub- 
itauitts  w^hich  dissolve  preteids,  or  precipiUite  them»  or  withdraw  fluid 
bom  tbem,  all  tend  to  cause  irritation  when  they  are  applied  to  living 
tkuifiik  In  other  cases  irritation  apjjears  to  be  induced  through  some 
dkemical  action  the  nature  of  which  is  quite  unknown. 

When  stimulation  is  prolonged  or  exL-essive,  the  protoplasm  gener- 
alljr  becomes  depressed  and  finally  loses  its  activity  entirely  (paralysis). 
^^Dme  authorities  liave  asserted  that  depression  is  invariably  preceded 
^H)r  stimulation,  and  that  stimulation  so ffieiently  prolonged  invariably 
^^■k  to  depression  and  paralysis.     Both  statements  are  too  absolute, 
^HHngb  they  are  true  in  the  great  majority  of  cases.      For  example, 
tfie  iciion  of  atropine  on  the  tertui nations  of  the  cardiac  inhibitory 
Brnts  b  purely  depressant.     Even  the  most  minute  quantities  of  this 
•Ikaloid  never  increase  the  activity  of  these  terminations,  for  if  a  quan- 
tity loo  small  to  paralyze  them  is  ingested,  it  has  apparently  no  etfects 
whatever,  and  as  the  dose  is  increased,  the  first  efteet  is  paralysis* 

Qppr**^lnn,  whether  induced  directly,  or  following  on  stimulation, 
bis  been  shown  in  several  instances  to  resemble  the  fatigue  induced  hy 
tkf  prulonged  exercise  of  the  normal  organ,  and  it  is  probably  true  that 
dgpfttBion  and  fatigue  are^  in  alt  ir^v^f^tif^^^j  ^^^^ntirnl  i"  ?ippA;?mnf*P^  i^J- 
m^  not  neceassarily^ identical  in  cause.     For  example,  the  phenom- 
mof  fatigue  of  the  terminations  of  the  motor  nerves  in  muscle  re- 
semble exactly  those  induced  by  curara,  but  in  the  former  the  cause 
owy  be  that  the  conducting  substance  of  the  nerve  ends  has  been  used 
by  the  repeated  passage  of  impulses,  while  in  tbe  latter  tlie  conduct- 
substance  is  so  changed  that  it  becomes  incapable  of  transmitting 
nil  to  the  muscles.     The  fimd  result  is,  of  course,  the  same;  there 
DO  available  conducting  substance,  impulses  fail   to  reach  the 
But  the  fatigued  terminations  rapidly  recover,  as  conducting 
iobalance  is  reformed,  while  the  curarized  recover  only  when  the  poisfjn 
ifieIiminat«<L 

In  most  cases  an  excessive  dose  of  a  stimulating  pi)isonJeads  to  de- 

^  The  cell  l>ecomes  functionally  tiead,  but  if  the 

of  its  function  does  not  involve  the  death  of  the  organ isai,  it 


i 


may  re<;over  and  reassume  its  ordinary  function  as  if  no  stage  of  inac- 
tivity had  intervened.  Excessive  jrr^tjit^Q^j  gn  the  other  band,  leads 
to  actual  death  and  disintegration,  from  which  there  is  no  recovery. 
For  example,  the  cells  ot  the  spinal  cord  are  first  stimulated^  and  later 
paralyzed  by  a  large  dose  of  i^trychnine,  but  thijs  is  not  fatal  to  cold- 
blooded animals,  and  after  a  few  days  the  spinal  cord  regains  its  nor- 
mal function,  as  the  poi^-on  h  eliminated.  On  the  other  band,  the  in- 
jection of  an  irritant  into  the  subeutaneoug  tissues  causes  dilatation  of 
the  vessels,  effusion  of  fluid,  and  increased  growth  and  rapid  division 
of  the  cells*  If  only  a  small  quantity  b^  injected,  this  condition  is 
recovered  from,  although  it  generally  leaves  evidence  of  its  presence  in 
the  form  of  an  increase  in  the  fibrous  tissue.  But  if  the  irritation  be 
intense,  the  cells  undergt^  degeneration  and  die,  and  an  abscess  is 
formed.  The  cells  thus  destroyed  can  never  recover  as  the  paralyzed 
ones  do.  They  are  either  absorbed,  or  removed  by  the  opening  of  the 
abscess,  and  their  room  is  filled  by  the  overgrowth  of  the  neighboring 
tiseaes. 


ELECTIVE  AFFINITY  OF  DRUGS.     PE0T0PLA8M  POISONS. 

Most  .drugs  have  an  elective  affinity  for  certain  definite  tissuff. 
Thus,  some  attack  The  heart  only,  others  the  central  nerv*ous  system 
and  others  the  terminations  of  the  motor  nerves  in  muscle.  Among 
the  cardiac  poisons  again^  some  act  on  the  ventricle,  others  on  the 
auricle,  and  among  the  poisons  of  the  central  nervous  system^  some  act 
primarily  on  the  cortex,  others  on  the  medulla  oblongata  and  others 
on  the  spinal  cord.  This  elective  affinity  is  not  merely  a  question  of 
degree,  as  is  sometimes  stated,  for  a  drug  which  has  a  powerful  action 
on  the  brain,  may  have  no  effect  on  the  heart  except  when  administered 
in  such  quantities  as  alter  the  physical  characters  of  the  blood.  A 
dnig  may  even  alter  different  Btructures  in  diametrically  opposite  direc- 
tions. Thus,  atropine  depresses  certain  nerve  termiuatious,  but  stimu- 
lates the  brain,  and  curara,  which  paralyzes  the  periplienxl  terminations 
of  the  motor  nerves,  stimulates  the  spinal  cord.  In  some  instances 
the  immunity  of  a  cell  to  the  action  of  a  drug  may  perhaps  be  explained 
by  the  latter  failing  to  penetrate  into  its  interior,  but  this  is  not  true  iu 
the  great  majority  of  cases. 

The  fields  of  activity  of  different  drugs  vary  greatly  in  extent.  One 
may  comprise  only  the  terminations  of  the  secretory  fibres  in  the  sweat 
glands  (agaricin),  while  another,  which  affects  these  in  the  same  way, 
may  involve  many  other  terminations  in  its  action  (atropine).  Most 
poisons,  however,  while  acting  on  a  certain  narrow  area  in  small  doses, 
extend  the  limits  of  their  activity  when  larger  quantities  are  ingested. 
Thus,  a  poison  which  acts  in  small  doses  on  the  medulla  oblongata 
only,  may,  when  exhihited  in  larger  quantities,  involve  the  spinal  cord 
and  the  brain,  and  in  still  greater  concentration  may  affect  tlie  heart 
and  other  organs.  No  [loison  is  known  that  acts  equally  on  all  oi^ans 
and  tissues,  but  tb^sc  which  have  a  wide  field  of  ojeratiop  are  oft^n 
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^rtinwrn  iia  prrJnplnjfn\  pauior^.  These  paralyze  any  form  of  living  mat- 
ter  when  they  are  brought  in  coutaot  with  it  in  snffieieat  quantity,  but 
if  tbey  arv  injected  into  the  bloud  and  thun  distribnted  equally  through- 
oat  the  body,  they  invariably  select  some  special  organ  as  the  chief 
seal  of  their  activity.  This  is  exactly  parallel  to  the  behavior  of  chem- 
ical agents  in  the  laboratory.  For  exaniplej  acetate  of  lejid  added  to 
a  ^luiion  of  a  chloride,  or  of  a  sulphate,  precipitates  it,  but  added  to 
a  mixture  of  the  two,  throws  down  more  of  the  sulphate  than  of  tlxe 
chloride.  Nitrate  of  silver,  on  the  other  hand,  precipitates  the  chloride 
only.  Acetate  of  lead  may  bo  compared  to  the  protoplasm  poisons, 
Ditrate  of  silver  to  those  with  a  less  extensive  field  of  action.  JC&  proto- 
pbism  poisons  affect  a  large  number  of  different  forms  of  living  matter 
it  follows  that  they  alter  the  nntrition  rather  than  specialized  functions* 
.Many  of  them  cause  irritation  ;  others  are  used  to  destroy  or  retard  the 
growth  of  microbes  and  are  known  as  disinfectants  or  antiseptics. 


REMOTE,   LOCAL,   AND    GENERAL   ACTION. 

Progs  chaoge  directly  »'dy  thnsp  nr^ama  ^nr^  ^^^n^'g  \yilh  which  thev 
oome  into  immediate  eoutucL  But  the  alteration  of  one  part  of  tlie 
organism  very  otlen  entails  that  of  another  to  which  the  drag  may  not 
have  acoesSi  or  for  which  it  has  no  i»i>ecial  affinity,  because  impulses  are 
tfuamitted  through  the  nervest,  or  changes  are  induced  in  the  circula- 
tioil  and  nutrition.  Thus  irritation  of  the  skin  may  alter  the  nite  of 
paLse  by  impressions  being  transmitted  by  the  cutaneous  nerves 
reflected  along  the  ioliibitory  nerves  of  the  heart.  Similarly  a 
poiBOQ  that  weakeim  the  heart  may  induce  disorder  of  the  respiration, 
from  the  circulation  lK*ing  detkient  in  the  medulla  oblongata;  and 
depresaton  of  tlie  brain  may  lessen  the  oxidation  in  tlie  muscles,  because 
it  leads  to  lessened  movement.  Xhese  secondary  <;hanji);cs^  whjclijy^ 
pol  due  to  the  direct  action  of  tlie  drug  on  the  organs  conoernedy  ai^e 
known  aa  ^aag^^  ^^  'u}^f^i  pffW*t^ 

*|jigj^^^^j^ji£non  of  ^t  drug  ia  tliat  jndi^ffid  itt  thq  ppint  of  flpplicatpn 
before  it  enters  th^M^ircuhUii^i,  the  t^^r^j^  or  systemic  action  if  ^^^^  ^n** 
to  its  elective  njimt^for  ^^^ftiim  n r^TT^  t^  whii^h   jt   iff   imrrTpd    hy  ^p 

bloQi^  The  local  effects  are  very  often  entirely  different  in  nature 
frtim  the  general  action^  for  a  drug  may  act  as  an  irritant  at  the  point 
of  applimtion  and  as  a  depressant  to  the  bniin  when  it  is  carrieil  to  it 
in  the  bloo«l.  Lcxjal  effects  may  be  induced  wherever  the  drug  can  be 
applied — in  the  skin,  the  alimentary  tract,  the  respiratory  pa^^sages,  and 
tbe  other  raucous  membranes.  They  also  o^^^cur  in  the  subcutaneous 
Hmom  when  the  poison  is  injected  hypodermically,  and  in  any  of  the 
deeper  organs  and  tissues  wliich  can  be  n:?ached  by  the  Tiivdle  of  tlie 
sjnoge.  Local  remedies  may  cause  irritation^  or  may  protect  the  sur- 
&oe  from  irritation,  may  depress  the  sensory  end-^jrgans  and  cause 
local  aniesthesia^  or  lessen  secretion,  or  alter  the  functions  at  the  point 
of  application  in  many  other  ways.  They  may  also  liave  remote  effects, 
aa  baa  been  mentioned.    Many  drugs  have  only  a  local  action,  becauae 
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they  are  not  absorbetl,  are  absorbed  in  inactive  forms,  or  are  excreted- 
or  depas^ited  as  nipidly  as  they  pass  into  tlie  cireulatioiij  so  that  enough 
is  not  present  in  the  blood  at  any  one  time  to  induce  general  efiects,^ 
On  the  other  hand,  many  powerful  poisons  have  little  or  no  eflect  at  the, 
point  of  application,  but  po8se.ss  an  elective  affinity  only  for  Bome' 
organ  to  which  they  are  cai'ried  by  the  circulation. 


\ 


THE   RELATION   BETWEEN   CHEMICAL    COMPOSITION 
AND   PHAEMACOLOGICAL   ACTION. 

As  the  effect  of  drugs  on  living  raatter  is  eoneeived   to  \w  due  to  a 
chemical  reaction  l)et\veen  them,  it  might  be  inferred  that  those  druga 
which  presetU  a  close  resemblance  in  their  chemical  properties  and  com- 
position must  induce  similar  changes  in  tlic  organism.     And  this  is  true 
as  a  general  statement,  although  the  relation  existing  between  chemical 
constitution  and  pharmacological  action  can   be  followed  only  a  short 
distance  as  yet.     For  example,  so  many  members  of  the  methane  series 
of  chemistry  dejjress  the  central  nervotis  systpm  that  this  may  be T^e- \ 
garded  as  a  general  property  oT  these  bodieSj  just  as  they  possess  certain 
general  chemical  reactions,  which  distinguish  them  from  the  racmbers 
of  other  chemical  series.     In  the  same  way,  the  heavy  metals  resemble 
f^gh  ^th*"^ '"   *heir  general  effects  on  the  organism,  just^asjhevreact 
!^imiliixly-i^-gfjqit?  cliemical  tesjs.     But  whenever  an  attempt^is  made  to 
follow  tills  relation  in  detail,  the  analogy  breaks  down,  because  factors 
which  it  is  imjwssible  to  deduce  from  the  chemical  constitution,  make 
themselves    felt.     Exactly  the  same   thing   occurs  in  chemistry  ;  for 
example,  the  heavy  metals  resemble  each  other  in  so  many  res|Wts  that 
it  mif^ht  be  inferrcil  that  the  snlphidcB  would  be  of  the  same  color,  or 
that  the  chlorides  would  be  eciually  soluble  in  water,  but  experiment 
shows  that  this  is  not  the  case.     In  the  same  way  they  resemble  each 
other  in  many  pointij  in  their  effects  in  the  organism,  but  it  cannot  be 
inferred  frt>m  this  that  they  will  have  the  same  effect  on  any  given 
organ  or  in  any  given  respect.     A  simple  example  of  the  very  differ- 
ent effects  in  the  organism  of  drugs  which  are  closely  related  chemical  Iv, 
is  offered  by  the  action  of  the  simpler  meml^ers  of  the  acetic  acid  sc*ries 
on    the  sense  of  smell.     For  formic,  acetic,  proprionic,  butyric  and 
valerianic  acids  can  he  easily  distingnished  by  tlieir  odors,  that  is,  they 
act  differently  on  the  terminations  of  the  olfactory  nerves,  yet  they 
form  a  homologous  series  of  as  closely  related  members  as  any  chemical 
series  can  otter.     They  present  certain  differences  in  their  chemical 
reactions,  of  course;  for  example  they  %^ary  considerably  in  the  solu- 
bility of  the  salts  they  form  with  barium  and  calcium,  and  it  is  im- 
jiossible  to  explain,  or  to  anticipate  these  variations  from  any  consider- 
ation of  their  chemical  constitution.     If  then  their  reactions  with  such 
simple  and  familiar  bodies  as  calcium  and  barium  cannot  be  anticipated, 
it  would  seem  futile  to  attempt  to  foretell  their  behavior  towards  the 
infinitely  more  complex  and  less  known  protoplasm  of  the  nerve  ter- 
minations. 
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il  of  time  and  energy  has  been  devoted  to  an  tittempfc  to 

ts  in  the  organism  of  certain  metals  (notably  tfie  aika- 

Eei)  into  relation  with  their  atomic  weights,  their  valency,  and  otiier 

properties^  bat  no  results  are  to  be  expected  from  these  researches,  so 

tn^as  their  ordinary  chemical  reactions  can  only  fje  formulated  to  a 

Goited  ertent  and  imperfectly  froQi  these  considerations.     In  particu- 

kr,  it  seems  of  little  interest  to  determine  their  exact  relative  toxicity, 

^tM3e  there  is  no  question  that  they  do  not  all  act  on  the  same  organs, 

itvi  if  one  act  on  the  brain  and  another  on  the  heart,  one  by  its  specific 

aSaity  for  an  organ  and  another  by  inducing  physical  changes  in  the 

liuU  of  the  body,  these  differences  are  siilBcient  to  nullify  any  rela- 

!  which  they  may  bear  to  each  other  in  regtird  to  the  cxtict  fatal 

As  has  been  stated,  it  may  be  inferred  with  Pome  probability 

tiny  substance  belonging  to  certain  wide  chemical  groups  will  in- 

f  symptoms  in  the  organism  resembling  in  general  characters  tliose 

'  the  other  members  provided  always  that  it  does  not  contain  some 

Je  which  renders  it  inactive,  or  gives  it  a  more  (wwerful  action  in 

ocDc  other  direction.     But  the  details  of  its  action  can  be  ascertained 

ily  by  actual  experiment,  exactly  as  the  details  of  its  chemical  be- 

krior  can  be  known  only  by  performing  tlie  necessary  reactions ;  and 

^  there  is  no  prospect  of  explaining  the  latter  from  its  constitution  at 

present  time,  there  is  still  less  hope  that  much  advance  will  be 

[ftode  in  the  near  future  in  formulating  the  laws  governing  the  details 

rf  its  pharmaoological  effects. 

CONDITIONS  MODITYING  THE  EPPECTS  OF  DEUGS. 

The  effects  of  drugs  on  the  living  organism  are  subject  to  some  raodi- 
Sotioos  in  certain  individuals,  and  under  some  conditions,  which  it 
iiof  importance  that  the  physician  should  recognize,  as  the  dose  has  to 
b?  altered  when  they  are  present.  One  of  these  is  the  ^|f e  an^  WeJi^j^t. 
If  the  same  amount  of  a  poison  be  distribute<l  through  the  tissues  of 
i  hfge  individual  as  of  a  small  one,  less  is  contained  in  any  given  organ 
rfthe  former  and  less  effect  is  therefore  observed.  This  has  Ikjcu 
neeitained  chiefly  in  animal  exjteriment,  in  which  the  effects  of 
can  be  estimated  much  more  exactly  than  in  man,  but  it  un- 
ly  hold*4  good  for  human  beings  also.  Very  large  individ- 
then,  require  a  somewhat  larger  dose  than  ordinary  persons, 
in  treating  individuals  of  small  stature,  the   dose  has  to  be 


The  Age  of  the  patient  has  also  to  be  taken  into  account  in  prescrib- 
Children  ought  to  receive  much  snialier  doses  than  adults.     The 

,^  powerful  action  of  drugs  in  children  is  due  in  part  to  their  smaller 

asr,  in  part  to  the  more  active  growth  of  certain  tissues  and  to  the  less 
^ADiplete  development  of  others,  such  as  the  central  nervous  system, 
^■be  ijose  for  a  child  is  generally  calculateil  acc^jrdiug  to  Young^s 
^Knnla,  in  which  ajniclion  o!>tained  by  dividing  the  afrp  hy  the  age  -4- 
H|j_w^tnk£n  fls  the  proportion  pf  t>^  fldnlt  dos^  ri^piired.      Thus  for  a 
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child  of  four  years,  tlie  dose  would  be  (   .       . -^  ^]i  ^^^^^  adult  dose, 

for  one  of  one  year  I  j^r~i^  —  )  xV  ^^^  ^^^^  adult  dose,     Acxx>rdiDg  to 

another  less  used  formula^  the  dose  for  a  child  is  ascertained  by  divid- 
ing the  adult  dose  by  20,  and  multiplying  the  result  by  the  age. 
Brunton  suggests  dividing  the  dose  by  25  aud  multiplying  the  result 
by  the  age  at  the  next  birthday.  These  formuhe  are  not,  however,  inva- 
riably safe  guides  to  follow  in  prescribing.  For  example,  the  narcotics, 
particularly  opium  and  its  preparations,  must  be  given  during  the  first 
years  of  life  in  mucli  smaller  ijuantitie^s  than  are  indicated  by  Young*8 
rule,  while  alcohol  may  be  atlministere<l  in  comparatively  large  doses. 

The  usual  dose  advised  has  to  be  modified  for  children  then,  and    i 
may  be  taken  as  that  suitable  from  20-60  years.     After  this  age  is    | 
passetl,  it  is  again  reduced  somewhat,  so  that  from  70-80  about  }  of 
the  adult  dose  is  advised,  and  after  85  it  may  be  reduced  to  |.     There 
are  exceptions  to  this  rule  also,  large  doses  of  the  purgatives,  for  ex-    I 
ample,  being  often  necessary  in  old  people.  ! 

S^i. — Women  generally  re(|uire  somewhat  smaller  doses  than  men, 
because  of  their  smaller  size,  and  it  is  often  stated,  because  their  tissues 
react  more  strongly  to  some  drugs,  though  this  has  not  yet  been  satis- 
flictorily  established. 

TemporarF  conditions  also  influence  the  activity  of  dnigs.  Thus 
fifterjijnmfj  a  poison  is  absorbed  more  slowly  from  the  stomach  than 
when  it  is  taken  fasting,  and  any  local  irritant  action  is  also  less 
marked,  because  the  drug  is  diluted  by  the  contents  of  the  stomach. 
Irrltaiion  of  the  sioimu'h  and^^bde^Jj^-  may  also  modify  tlie  effects  of 
drugs ;  thus  in  sorne  Ibrrasof^  dyspepsia  the  absorption  is  slower  than 
usual  and  little  etfect  may  be  induced  by  the  ordinary  dose,  white  irri- 
tant drugs  naturally  cause  more  disturljance  of  the  digestion  in  these 
cases.  On  the  other  hand,  a  slight  congestion  of  the  stomach  and  bowel 
tends  to  promote  absorption,  and  it  has  been  found  that  more  of  a 
heavy  metal  is  absorbed  wlien  it  causes  some  destruction  of  the  mucous 
membrane  than  when  it  is  given  in  smaller  cjuantities*  Vomiting 
and  diarrhoea,  of  course,  tend  to  lessen  the  action  of  drugs  by  re- 
moving them  rapidly  from  the  alimentary  canal. 

During  preffnaMeti,  purgati\'es  have  to  be  used  with  great  care,  be- 
cause they  induce  congestion  of  the  pelvis,  and  may  lejid  to  abortion. 
Drugs  acting  on  the  uterus,  or  inducing  a  marked  fall  of  blood  pres- 
sure, are  to  be  a%^oided  because  tlie  former  may  cause  the  evacuation  of 
the  uterine  contents,  while  the  latter  may  lead  to  asphyxia  of  the  fcetus. 
Many  drugs  pass  from  the  mother  to  the  child,  and  this  is  to  be  btirne 
in  mind,  as  quantities  which  are  insuflficient  to  poison  the  former  may 
have  more  serious  effects  on  the  latter »  During  ladattori^  it  is  impor- 
tant to  remember  that  active  l>odies  may  be  excreted  in  the  milk,  and 
may  either  act  on  the  child  or  render  tbe  milk  distasteful  to  it.  In 
jnemtruatiQUt  purgatives  are  to  be  avoided,  as  they  tend  to  increase 
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the  flow,  and  all  very  active  drags  are  to  be  used  with  care  or  aban- 
doned temporurily. 

The  Time  of  Administratioii  hits  also  some  influence  on  the  t^flccts  of 
drugs.     The  body  is  generally  more  resistant  in  the  raornittg  than  in 
the  evening,  especially  in  the  case  of  narcotic  drugs;  thus  a  dose  of  a 
foporific  which  may  have  lUtle  or  no  effect  in  the  early  hour?i,  induces 
wtmd  sleep  when  given  in  the  evening,  because  tiie  brain  is  already 
iiH\  and  depressed. 
Idiosyncrasy  is  tised  to  denote  an  unusual  effect  for  which  no  expla- 
utioti  can  be  found.     Some  persons  react  more  readily  than  usual  to 
the  ordinary  dose,  while  in  other  instances  a  much  larger  quantity  can 
^k  tftken  without  any  effeet.     Others,  again,  show  symptoms  which  are 
^Bdi>ely  different  from,  and  which  may,  in  fact,  be  diametrically  opposite 
^*t^  thrive  ordinarily  observed.     Tliese  idiosyncrasies  are  natumlly  more 
:-;  jrntly  seen,  and  are  better  known  when  they  arise  from  widely 
]ni;^^s.     Thus  the  mrxlern  antipyretics  have  so  often  induced  al)- 
^  :ia:il  -ympboms  that  these  are  well  known,  but  it  is  not  improbable 
tlut  if  other  dnigs  had  been  used,  or  rather  abused,  to  the  same  extent, 
they  would  be  found  to  induce  unusual  reactions  in  an  equally  large 
nniaber  of  individuals*     An  idicKsyncrasy,  as  hiis  been  said,  cjinnot  be 
explained  in  the  present  stiite  of  knowledge,  but  some  conditions  which 
iave  been  termed  idiosyncrasies  are  probably  due  to  abnoriiially  rapid^ 
to  retarded  absorption  or  excretion.      Idiosyncrasies  are  not  con- 
to  human  beings,  for  not  infrequently  one  animal  reacts  quite 
tly  fnim  others  of  the  same  species. 
As  has  been  mentioned,  one  form  of  idiosyncrasy  consists  in  the  fail* 
lure  of  the  individual  to  react  to  the  ordinary  dose  of  a  drug.      This  is 
10 wn  as  Tolerance,  and  this  particular  form  of  idiosyncrasy  may  be 
coiif/enUal  tolerance.     Certain  species  of  animals  tolerate  quan- 
ordrujjs  which  wouhl  Ixi  fatal  to  others  of  the  same  size.     In 
MCtjSo  frequently  is  this  the  ease  that  it  is  impossible  to  determine  the 
&Ul  dose  of  any  drug  on  an  animal  from  experiments  performed  upon 
othcra  of  a  different  species^  even  tliougli  it  be  nearly  relate<L     One  of 
tile  most  remarkable  examples  o{  this  form  of  tolerance  is  met  with  in 

I  the  hedgehog,  which  resists  large  doses  of  many  very  active  poisons. 
Another  well-known  example  is  the  tolerance  of  the  rabbit  of  large 
Jnan titles  of  atropine. 
A  form  of  tolerance  which  is  a  matter  of  everyday  observation  is  that 
ltltici*d  by  the  prolon;^ed  use  of  a  drug,  which  has  been  called  ttcfjuirtyl 
rfcraoce^  or  mithridatism,  from  tlie  belief  that  Mithridates  protected 
biroself  in  this  way  from  the  danger  of  poisoning.  The  most  familiar 
example  of  this  form  of  tolerance  is  that  acquired  for  tol)acco  (nicotim?) ; 
the  first  cigar  often  induces  violent  poisoning,  but  if  a  habit  lie  formed^ 
large  amounts  of  nicotine  may  l>e  absorbeii  without  apparent  liarm, 
because  the  absorption  is  retarded,  or  the  excretion  is  accelerated, 
because  the  tissues  become  accustomed  to  the  presence  of  small 
Qtities  of  nicotine,  and  thus  foil  to  react  to  it.  Nicotine,  in  fact, 
>giies  a  normal  coustituent  of  the  tissues*     This  tolerance  is  entirely 
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different  from  the  immuiHty  indueetl  by  toxalbumios  (see  Kicin),  and  it 
is  desimble  tliat  the  two  terms  shouUl  be  kept  distinct.  Very  often 
while  tolerance  for  a  poison  is  established  in  certain  tissues,  others 
suffer  from  the  prolonged  use  of  excessive  qnantities  ;  for  example, 
u  It  hough  the  seasoned  smoker  does  not  suffer  from  tlie  nausea  and 
vomiting  wbieh  followed  his  first  essay,  other  organs  may  in  eourse  of 
time  liecome  involved,  sueh  as  the  heart  or  the  eye.  It  is  to  be  noted 
that  tolerance  is  sikju  hjst  if  the  drug  \ye  discontinued  for  some  time, 
'  This  is  of  great  im  porta uce  in  cases  of  upiuniH^'ating,  for  a  person  who 
has  taken  opium  for  a  long  time  acquires  a  tolerance  for  the  drug,  so 
that  sometimes  enormous  quantities  are  required  in  order  to  induce 
the  ordinary  effeetSj  but  if  the  habit  be  disetintinucd  for  some  time 
the  tolerance  is  lost,  and  a  dose  which  would  formerly  have  had  little 
effect  may  now  induce  dangerous  poisoning.  The  prolonged  use  of 
one  drug  may  establish  tolerance  for  others  of  the  same  class.  Thus 
,  chronic  drunkards  are  not  influenced  by  large  quantities  of  alcohol, 
'and  are  also  more  resistant  to  the  action  of  chloroform  than  onltnary 
persons,  this  being  due  to  the  fact  that  chloroform  and  alcohol  act  on 
the  same  nerve  ceil  in  the  same  direction,  and  probably  induce  the 
ime  changes  in  the  protoplasm. 

The  GimmlatiTe  Effect  of  drugs  is  another  phenomenon  caused  by  their 
prohmged  ingestion*  Small  doses  of  certain  drugs  taken  rej>eatedly 
for  some  time  eventually  cause  symptoms  which  are  much  more  marked 
than  those  caused  by  a  single  small  dose»  In  many  instances  this 
seems  due  to  the  accumulation  of  considerable  quantities  in  the  tissues. 
The  absorption  may  be  more  rapid  than  tlie  excretion,  and  each  new 
dose  thus  adds  to  the  total  quantity  in  tlie  bhxxl  and  organs  more  than 
is  lost  in  the  same  time  by  excretion.  The  classical  example  of  cumu- 
lative action  is  that  of  djg^i talis,  but  it  is  much  more  frequently  induced 
by  such  drugs  as  niercury,  arsenic,  or  the  iodides,  for  the  80-calle<l 
chronic  poisoning  induced  by  these  is  really  an  example  of  cumulative 
action.  It  has  been  suggested  that  cumulative  action  is  not  really  due 
to  the  accumulation  of  the  drug  in  the  tissues,  but  to  a  summation  of 
a  prolonged  series  of  effects  of  the  same  kind  ;  but  although  the  increase 
of  the  drug  in  the  organs  has  not  been  pmved  in  all  instances,  it  seems 
probable  that  this  is  the  explanation  in  the  great  majority  of  caises, 
j>erhaps  in  all.  Cumulative  action  may  occur  along  with  tolerance,  as 
has  been  stated*  Thus  the  tf)Ierance  of  certain  tissues  for  nicotine  does 
not  protect  others  from  the  effects  of  the  abuse  of  tobacco. 

Synergists*— The  ]>resence  of  another  drug  having  the  same  effects 
in  the  body  often  increases  the  action  of  a  remedy  to  an  unexpected 
extent  This  is  the  ground  for  the  prescription  of  several  remedies 
acting  in  the  same  way.^  For  example,  several  purgatives  prescril>ed 
together  often  act  more  efficiently  than  any  one  given  in  quantity  equal 
to  all  of  them.  It  is  quite  impossible  to  ex|>lain  this  except  by 
assuming  that,  although  all  are  alike  in  their  chief  features,  they 
differ  in  the  details  of  their  reactions,  so  that  |>arts  of  the  alimentary 

'  Ttie  less  important  onea  an?  unmet im^  termed  adjuvantii. 
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which  might  ^cape  one  are  affected  by  anotlier,  and  the  mixture 
I  acts  more  universally  than  any  one  of  the  a^mpont'iit^*  It  must 
l»  added  that,  although  the  greater  efficiency  of  the  mixture  is  attested 
bj  the  general  belief  of  physlcianSj  no  very  satisfactory  researches  oil 
^iobjeci  have  been  carrieil  out  as  yet. 

On  the  other  hand^  a  drug  may  fail  to  elicit  any  symptoms  if  an 
utUgonistic  substance  be  present  in  the  body.  Thus  in  cases  where  a 
powerful  nervous  depressant,  such  as  chloroform,  has  been  inhaled, 
Hfjrc^nine  may  have  little  or  no  effect  on  the  spinal  cord  in  doses 
irllich  would  normally  increase  the  reflexes  to  a  marked  extent*  In  the 
fime  way,  if  tlie  terminations  of  the  inhibitory  fibres  of  the  heart  are 
paralysed  by  atropine,  a  poison  which  noijually  slows  the  heart  by 
fdoittlating  these  terminations  will  liuve  no  such  effect  except  in  very 
cb  larger  doses. 

Similar  modifications  of  the  effects  of  drugs  may  be  induced  by  {X)i- 

Modnced  by  pathological  changes  in  the  tissues,  or  by  an  unusual 

^j^  of  irritation  or  of  depression  of  the  tissues  themselves.     For  ex*  . 

aatple,  in  hot  weather  and  in  tmpical  climates,  purgatives  are  found 

^vtiich  more  eflScient  than  in  colder  climates,  either  because  there  is 

poison  which  acts  along  with  the  purgative,  or  because  the  raucinis   . 

jrane  h  more  irritable  than  nsuaL     That  some  such   factor  is 

nt  in  these  conditions,  is  shown  by  the  frequent  occurrence  of 

liarrhc&a  without  the  use  of  drugs. 

Similarly  when  an  antagcmistic  poison  is  formed  in  the  tissutis  in  the 

orse  of  a  diseaeej  a  drug  may  have  little  or  no  effect ;  so  that  if  the 

nhihitory  cardiac  terminations   are  pamlyzed   by  disease,  the   heart 

ionot  \ye  sloweil  by  muscariue  or  digitalis. 

Pathological  conditions  very  often  modify  the  effects  of  drugs  to  a 

'  considerable  extent,  and  in  a  way  which  cannot  be  explainetl  at 

at     For  example,  the  antipyretics   reduce   the   temperature   in 

f,  but  have  no  effect  on  it  in  lityilth  ;  the  bromides  lessen  tlie  con- 

fokions  in  epilepsy,  but  have  much  less  effect  in  depressing  tlie  Ijrain 

normal  persons.     The  question  may  therefore   be  mised  whether 

^Reexamination  of  the  effects  of  drugs  in  normal  animals  is  of  nuieh 

due  in  indicating  their  thempeutic  action.      But  in  reply  it  may  be 

luid  that  in  a  large  number  of  instances  drugs  are  given,  not  in  order 

)iict  ujxin  the  diseased  tissues,  but  upm  healthy  ones.     The  oliject  of 

tbera]>eutist  is  very  generally  not  to  restore  the  diseased  tissue, 

;  to  relieve  it  from  work,  and  to  allow  it  rest  so  as  to  promote  its 

Iteration  by  nature.      For  instance,  in  disease  of  the  cardiac  valves, 

Qgs  are  given  not  with  tlie  object  of  restoring  their  integrity,  but  to 

upon  the    healthy  heart  muscle,  and  to  obviate  the  disturbance 

of  the  circulation  which  is  caused  by  the  destruction  of  the  valves.     In 

inflammation  of  the  kidneys,  the  physician  seldom  attempts  to  reduce 

tke  inflammation  by  the  action  of  drugs  on  the  cells  involved,  but 

confines  his  attention  to  removing  by  other  clianncls  the  products  of 

tis^tte  waste,  which  would  normally  be  excreted  by  the  kidney.     So 

that  in  most  instances  drugs  are  given  to  act  on  normal  tissues,  or  on 
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tissues  which  are  so  little  affected  by  disease  that  they  react  to  reme- 
dies m  the  same  way  as  the  normal.  Id  other  cases  in  which  the 
remedy  acts  on  the  cause  e.)f  the  disease  or  on  the  diseased  tissue,  its 
introduction  is  due  to  clinical  experience  only.  Thus  quinioe  destroys 
the  organism  of  malarial  fever,  but  ttn's  coukJ  never  liave  Ijeen  antici- 
pated from  its  action  on  the  normal  tissues,  and  could  only  be  discov- 
ered by  experiments  on  the  organism,  or  rather  by  experiments  on 
jiersons  suffering  from  the  disease,  as  the  organism  has  been  recog- 
nized only  of  late  years. 

METHODS  OF  ADMINISTRATION. 

The  effect  of  a  remedy  is  often  determined  very  largely  by  the 
method  in  whicli  it  is  administered.  As  regards  the  local  action,  this 
is  sufficiently  obvious,  for  an  irritant  applied  to  the  skin  could  sc4ircely 
be  expected  to  caui^e  the  same  symptoms  as  if  it  were  applied  to  the 
stomach  and  intestine.  But  the  same  holds  true  for  the  general  action 
in  most  instances,  because  some  tissues  and  organs  absorb  much  more 
rapidly  than  others,  and  a  larger  quantity  of  tlie  drug  therefore  parses 
through  tliem  into  tlic  blcM^d  in  a  given  time.  Thus,  if  a  [x^ison  which 
is  absorbed  slowly  be  rapidly  excreted,  so  little  of  it  may  exist  in  the 
blood  and  tissues  at  any  given  time  that  no  effects  are  induced,  while 
if  it  be  rapidly  absorbed,  the  same  dose  can  exert  some  action  before  it 
is  excreted. 

Drugs  arc  applied  for  their  Local  Action  to  the  skin,  to  the  mucous 
membranes  of  the  alimentary,  respiratory,  and  gen i to- urinary  tracts, 
and  to  the  conjunctiva  and  cornea.  Not  infrequently  they  are  injected 
by  means  of  the  hyptxlermic  needle  into  the  subcutaneous  tissues  for 
their  local  effects,  and  the  attempt  is  continually  being  renewed  to 
treat  even  the  deeper  tissues  and  organs  locally  by  the  injection  of 
remedies  into  them.  The  objects  of  local  medication  are  very  diverse, 
and  can  be  treated  of  only  in  connection  with  the  individual  drugs. 
The  methods  of  application  are  also  so  numerous  that  only  a  few  of  the 
chief  can  Ije  mentioned*  Drugs  intended  for  application  to  the  skill 
are  often  formed  intn  salves  or  ointments  (unguenta)  by  mixing  them 
with  oily  or  tatty  Kubstances,  which  adhere  to  the  skin  and  do  not 
dry  up,  and  which  in  addition  to  serving  as  a  means  of  applying  an 
active  substance,  protect  the  surface  from  the  air  and  from  irritation. 
Other  preparations  for  application  to  the  skin,  such  as  the  plasters 
(cmplastni),  resemble  the  ointments  in  their  general  characters,  but 
also  give  mechanical  support,  and  bind  surfaces  together  from  their 
being  sjiread  on  paper  or  cloth,  which  thus  serves  as  a  flexible  splint. 
The  collodions  and  cerates  resenibh'  the  plasters,  the  oleates  the  oint- 
ments. In  adthtion  to  these  special  preparations,  drugs  may  l)e  ap- 
plied to  the  skin  in  solutions,  or  as  jwwders,  or  solid  masses  may  be 
used  to  cauterize  it. 

The  methnds  of  ap|*lying  drugs  to  ihe  alimentary  tract  and  to  the 
lungs  for  their  local  action  are  for  the  most  part  similar  to  those  used 
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*  drugs  which  are  intended  to  be  absorbed.  The  nxoutb  aad  throat 
may  be  washed  out  with  solutions,  which  are  gargled  (gargarismata), 
mny  he  treated  witli  j^owders,  or  lozeiigos  (trof^hisci),  which  are 
^^dvIt  diseolved  and  thus  perniit  of  a  more  prolongw]  and  c(>n.stant 
Dn  in  the  mouth  than  is  jxjs.sible  if  the  drug  be  swalh>wtMl  imme- 
The  nose  may  be  washed  out  with  solutions  of  active  drugs, 
m  may  l>e  drawn  into  the  nostrils  as  suufls  j  the  latter  often 
Mpieesiogy  and  are  sometimes  known  as  sternutatories,  orerrhines* 
|3i}^ox  may  be  treated  locsilly  by  the  ai>plicatiQn  of  powders  or 
of  very  small  quantities  of  fluids  by  means  of  the  laryngoscopie  mirror 
ttd  probe.  Solutions  are  generally  used  for  application  to  the  oon- 
jnoetiva,  but  a  more  permanent  effect  can  often  l)e  obtained  from  the 
me  of  ointments  or  powders  wliich  arc  less  liable  to  he  washed  away 
ky  tke  tears;  The  urethra,  vagina  and  o terns  are  treated  by  tlie  in- 
jeecioil  of  solutions,  or  by  ointments  and  powders.  Bougies,  which 
tre  occasionally  advised,  are  formed  by  incorporating  an  active  drug  in 
KNDe  substance  which  is  solid  at  ordinary  temperatures,  but  melts 
when  introduced  into  the  organ  and  allows  the  drug  to  come  into  con- 
tid  with  the  surface.  The  rectum  may  similarly  be  ti-eated  by  the  in- 
jeetion  of  drugs  in  solution  or  suspension  (encmata),  or  by  the  use  of 
•apposi tones.  Drugs  are  not  infrequently  applied  by  the  rectum  in 
Older  to  elicit  their  action  after  absorption,  but  much  oftener  for  their 
bed  action  on  the  bowel.  Eneraata  may  be  either  large  (a  pint  or 
or  small  (2-5  c.c,  ^-l  fl.  dr.).  The  large  eneraata  are  used 
er  to  wash  out  the  intestines,  and  may  then  contain  an  antiseptic 
ringent,  or  to  induce  peristalsis  and  evacuation  of  the  bowel, 
t  they  are  made  up  of  water  with  or  witliout  soap  <ir  otlicr  slightly 
itant  substances.  The  small  eneraata  are  used  chieHy  to  induce 
Evacuation,  and  contain  more  irritant  substances,  such  as  glycerin 
ilooe  or  along  with  sorae  more  active  body  (see  uses  of  the  vegetable 
urptivea).  The  suppositories  are  fonncd  of  cacao-butter,  which  is 
alid  at  room  temperatures,  but  raelts  at  tlie  tem|>erature  of  tJie  rectum. 
All  the  visible  mucous  membranes  miiy  also  l)e  cauterized  by  the 
tpplication  of  a  solid  rod  of  a  tx>rrosive  for  a  short  time. 

Drags  whose  GeEeral  Action  is  to  be  elicited  after  their  absorption 

tRfiven  by  th*^  lo  nitli,  except  when  sorae  special  character  in  thcni  or  in 

^disease  reuih  i>  -onie  otlier  method  preferable.     They  nuiy  i)e  given 

fcjthe  mouth  in  solution  in  waiter,  alcohol,  oils,  or  other  more  or  less 

,  indifferent  bodies.     The  disagreeable  taste  of  many  remedies,  however, 

ften  precludes  this  metliod,  arid  these  may  be  ordered  in  the  form  of 

y  or  in  capsules,  which  are  formed  of  gelatin  or  similar  substances  and 

'dissolved  in  the  stomach  and  intestines*     A^ery  often  the  disagree- 

Ue  taste  may  be  concealed  by  the  addition  of  sugar,  or  of  some  strongly 

ing  but  agreeable  lx>dy  such  as  a  volatile  oil.     Insoluble  drugs  may 

iven  as  powders,  as  they  have  little  or  no  taste.     Powders  are  also 

a  means  of  administering  soluble  drags,  if  they  have  not  a  dis- 

>Ie  taste  and   have  no  marked  li>cal  action,  but  very  deliquescent 

I  should  not  be  given  in  this  form.     Insoluble  drugs  are  sometimes 
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ordered  in  suspeoBion  io  mueilajErinous  fluids ;  and  oils,  which  are  dis- 
tasteful to  many  people,    may  ^^  given   mixed  with  water  and  gums 

(eraiilsioiis). 

The  rate  of  absorption  fVuni  the  a/imntUiri/  canttl  varies  greatly 
with  different  drugs  and  als*)  with  tiie  ibrra  in  which  they  are  admhiis- 
tered.  The  iiryt  point  will  be  treated  of  in  conneetion  with  the  indi- 
vidual drugs.  As  regards  the  sectmd,  it  may  be  stated  that  dmgs  are 
more  rapidly  absorbed  when  they  are  swallowed  in  stjintion,  and  that 
when  much  inert  and  insoluble  matter  is  associated  with  tliem,  their 
absorption  is  much  retiirded.  ThuSj  coniniou  salt  passes  more  rapidly 
into  the  blood  when  it  is  dissolved  before  being  taken  tlian  when  it  is 
swallowed  dry,  and  morphine  is  absorbed  much  more  quickly  wheo  it  i& 
administered  pure  than  when,  as  in  opium,  it  is  mixed  with  a  mass  of 
gums  and  otlier  bodies*  This  fact  is  taken  advantage  of  in  practice  by 
giving  drugs  iu  solution  when  rapid  absorption  is  desirable,  and  by  giv- 
ing less  pure  forms  when  the  local  action  on  the  stomach  and  bowel 
18  to  1x3  elicited.  The  more  concentrated  the  solution,  the  greater  is 
the  irritant  action  on  the  stomach,  and  thus  where  irritation  of  the 
stomach  is  desired,  either  tlie  solid  drug  or  a  strong  solution  is  given  ; 
but  as  a  general  rule  the  local  action  on  the  stomach  is  to  be  avoided,  and 
drugs  are  therefore  ordered  in  as  dilute  solution  as  is  possible  without 
increasiug  the  bulk  to  to4i  great  an  ext-ent.  It  is  to  be  noted  that 
drugs  whiclx  are  insoluble  in  the  test-tul>e  may  l>e  rendered  soluble  by 
the  action  of  the  gastric  and  intestinal  juices,  while  many  which  are 
given  in  solnticm,  are  thrown  down  in  the  stomach  in  the  form  of 
insoluble  albuminates. 

The  great  mass  of  drugs  absorl)ed  from  the  stomach  and  intestine 
is  carried  to  the  liver  before  reaching  the  general  circulation,  and  this 
is  of  great  importance  in  determining  their  effects  in  the  body,  as  some 
of  them  are  retained  in  that  organ,  and  are  either  entirely  destroyed  or 
escape  so  slowly  that  they  have  no  {>erceptible  etfect. 

Another  important  metbml  of  administering  drugs  for  their  general 
action  and  also  for  their  local  effects  is  by  inliahition  into  the  lungs. 
Only  volatile  drugs  can  be  used  thus  for  their  general  aetion.  They 
are  absorbed  very  rapidly  owing  to  the  extensive  surface  to  wliich  they 
are  applied,  and  also  because  volatile  substances  penetrate  the  tissues 
more  readily  than  others.  The  best  examples  of  inhalation  are  offered 
by  the  genenil  anaesthetics,  chloroform  and  ether.  Most  substances 
absorbed  by  the  lungs  are  also  excreted  by  them,  and  this  leads  to  an 
important  practical  ]X)int  in  regard  to  the  anesthetics.  For  the  passage 
of  gases  or  vap^>^s  tlirough  the  liningepithelium  of  the  alveoli  depends 
in  most  instances^  upon  their  partial  pressure,  that  is,  upon  their  con- 
centration in  the  air  and  blood  respectively.  Accordingly,  when  the  air 
contains  more  chloroform  vapir  than  the  blood,  the  anjesthetic  passes 
into  the  blood,  but  as  soon  as  the  condition  is  reversed,  and  the  blood 
coo  tains  more  chloroform  than  the  air  of  the  alveoli,  it  commences  to 

'  Such  gnses  ns  oil j gen  and  carbon  monoxide,  which  form  chemical  combinations 
witli  the  hemoglobin,  are  of  course  exceptioriB, 
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ckwartk.     The  more  concentratetl  the  vapor  inhsdtMl,  tlie  more 
is  c*>ntiiineJ  in  the  cubic  centimeter  of  blao*l,  mnl  tliegreiiter 
he  action  on  the  nervous  centi-es  and  the  heart. 

volatile  substancesi  are  sometimes  inhaled  into  the  lungs  for 
fir  h»cal  action,  and  even  non- volatile  bodies  suspended  in  a  *«pray 
wr  may  be  thrown  into  the  respiratory  passages,  hut  it  may  be 
Doed  whether  these  last  really  reach  the  al vt^iU  except  in  traces, 
igs  arc  also  applied  to  (he  Mn  in  order  to  elicit  their  general 
Volatile  bodies  arc  certainly  absorbed  by  it,  although  nuieli 
I  slowly  than  by  the  lungs  or  by  the  stomach  and  intestine.  So!u- 
I  in  water  of  non-v^olatde  drugs  are  not  ahsurbeil  from  the  skin,  but 
aoillfcioQS  of  certain  remedies  iu  alcohol.,  oils,  tats,  ether,  and  some  other 
Mbitaiices  which  are  capable  of  dissolving  or  mixing  with  tlie  fatty 
mg  of  tlie  skin,  are  absorbed  fairly  rapid ly  if  they  are  rubbed  in 
Dmughly.  This  method  of  application  (iuuuetion)  has  been  used 
By  for  the  absorption  of  mercury,  as  the  local  action  on  the  stomach 
I  bowel  is  thus  avoided.  (See  Mercury.)  Alkaloids  do  not  appear 
iu"  oXmyrhed  hy  the  skin  even  when  dissolved  in  oils  or  alcohol.  An 
tirely  obsolete  method  nf  ap|)Iicatiou  is  the  endermic,  in  which  the 
Md«*rrais  was  removed  by  a  blister,  and  tlie  remedy  theu  applied  to 
'  exposed  corium. 

"he  hypodermic  method  is  of  comparatively  rd-ent  origin,  but  is 
iing  raure  widely  used  every  year.  In  it  drugs  are  injected  through 
hollow  needle  into  the  sulicuta neons,  or,  in  the  case  of  more 
m  substances,  into  tlie  muscular  tissue^  where  they  meet  with 
eensorj"  nerves.  Absorption  occurs  more  rapidly  than  when 
ifUgB  are  griven  by  the  mouth,  the  local  action  on  the  alimentary 
aaal  is  avoided,  and  the  physician  is  more  oertaia  that  the  whole 
the  remedy  is  effective,  provided  it  is  solul*le  and  is  not  pre- 
Htated  at  the  point  of  injection.  At  the  same  time,  the  method 
tain  drawbacks,  the  chief  of  whicli  are  the  pain  of  the  injec- 
the  danger  of  iujetrting  a  powerful  remcily  into  one  of  the 
wbcotaneons  veins.  Hypmlerraic  injections  should  Ix*  made  only 
Jie  physician  or  trained  attendant,  lor  incaleulahle  injury  has 
I  done  by  entrusting  patients  with  the  syringe,  particularly  for  the 
ifijeciion  of  morphine  and  fx>caine.  The  needle  and  syringe  ought  to 
^disinfected,  and  the  substance  injected  shou hi  be  aseptic,  and  this 
|KendHrs  the  method  inconvenient.  As  a  generxil  rule,  solutions  in 
ror  in  dilute  alcohol  are  used  for  injection,  but  the  insohible 
•  of  mercury  have  also  l>een  injected,  suspended  in  oil  (see  Mer- 
lin-), Irritant  drugs  are  to  be  a%^oided  as  far  as  jwssible,  as  they 
*f»e  great  pain,  svv\dling  and  sometimes  nuppuration,  even  when  the 
tt»jalioa  has  been  carried  out  asepticJilly.  IIypo<lermle  injeelion  is  used 
largely  to  elicit  the  general  action  of  a  remedy,  Ijut  also  for 
f  local  effects,  as  when  cocaine  is  injected  in  order  to  produce  local 
hesia.  Solutions  of  inert  Iwdies  have  also  some  ana?sthetic  action, 
biy  omng  to  their  mechauie^d  action  on  the  sensory  nerve  fibres. 
I  the  abfiarptioD  from  the  subcutaneous  tissues  is  so  much  more  rapid 
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than  that  from  the  stomach  aod  intestine,  when  the  drug  is  in  perfect 
solution  the  dose  has  to  be  reduced.  As  a  general  rule,  about  one- 
half  of  the  ordinary  amount  is  sufficient. 

Deeper  injections  are  sometimes  made  for  their  local  action  on  the 
organs.  Thus,  antiseptics  have  been  injected  into  lung  cavities,  caustics 
have  been  injected  into  tumors,  and  direct  applications  have  been  made 
to  the  nerves  in  sciatica  and  other  similar  disorders. 

Intravenous  injection  is  the  most  certain  method  of  bringing  drugs 
into  the  circulation  and  tissues,  and  is  at  the  same  time  the  most  rapid. 
It  is,  therefore,  very  laigely  used  in  experiments  on  animals,  but 
has  generally  been  considered  too  dangerous  for  therapeutic  purposes 
in  man.  Baccelli  has,  however,  recommended  it  highly  in  recent  years 
in  cases  of  emergency,  in  which  the  immediate  action  of  a  remedy  is 
required.  In  pernicious  malaria,  and  in  syphilis  w^hen  an  important 
organ  is  threatened,  he  has  injected  small  quantities  of  quinine  and 
mercury  with  great  success.  The  dose  must  be  very  much  smaller 
than  that  employed  by  the  mouth,  but  it  is  impossible  as  yet  to  state 
exactly  what  fraction  will  induce  the  same  effects. 

Drugs  are  occasionally  applied  by  the  rectum  for  their  general  action, 
as  has  been  mentioned.  The  local  effects  on  the  stomach  are  avoided 
by  this  method,  and  morphine  and  opium  are,  therefore,  not  infrequently 
administered  thus.  The  rate  of  absorption  from  the  rectum  as  com- 
pared with  that  from  the  stomach  and  bowel  is  still  a  disputed  point, 
and  some  physicians  recommend  that  the  dose  be  reduced  to  three- 
fourths,  while  others  recommend  one  and  one-half  times  that  given  by 
the  mouth. 

Drugs  are  not  administered  by  the  other  mucous  memhranes  for  their 
general  effects,  but  it  must  not  be  forgotten  that  symptoms  may  arise 
from  their  application  to  them  for  their  local  action.  Similarly,  drugs 
applied  as  dressings  to  wounds  or  abrasions  have  very  often  given  rise  to 
severe  or  fatal  poisoning  from  being  absorbed  into  the  blood  and  tissues. 

THE  CHEMICAL  CHARACTERS  OF  DRUGS. 

An  enormous  number  of  substances  induce  changes  in  the  living 
organism,  and  have,  therefore,  to  be  recognized  in  pharmacological 
treatises.  Many  of  them  are  comparatively  simple  chemical  com- 
pounds, and  require  no  general  description  here,  but  less  attention  is 
paid  in  ordinary  chemical  textbooks  to  certain  groups  of  active  poisons, 
and  some  note  must  be  taken  of  their  general  properties. 

In  the  inorganic  materia  medica  arc  found  many  salts,  bases,  and 
acids,  and  a  few  uncombined  elements,  such  as  mercury  and  phosphorus. 

Organic  chemistry  offers  a  large  and  ever-increasing  number  of  arti- 
ficial compounds  which  belong  to  almost  every  one  of  the  divisions 
recognized  in  chemistry.  The  hydrocarbons,  alcohols,  ethers,  phenols, 
ketones,  aldehydes,  acids,  and  many  others,  contribute  active  agents, 
and  in  fact  most  of  them  are  represented  by  one  or  more  members  in 
therapeutics.     They  may  all  be  regarded  as  sufficiently  known  by  stu- 
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dcDtfi   who  are  prepared   to  i^tudy  [*linnii;ic(iIof;;y  with   pro  tit,  but  some 
•olwIiuiceB,  obtiiined  chietiy  from  plaijt^i,  require  lurllit^r  oieiition. 
'"■  '         i(|>  of  these  is  formed  by   tbe  Alkaloids,  which  are 

^Fm^  uiiis^  and  have  a  more  or  le^s  ^Trougly  alkaline  re- 

iffkpn,  so  that  they  are  often  known  as  the  vegetable  bases.  They 
CQiOtain  carborij  hydrotfeoj  nitrogen^  and,  as  a  general  rule,  oxygen, 
ftllllOfigR  s^me  of  them,  such  a^  coiitiDe,  are  devoid  of  it.  Like  am- 
fiyifim^  they  ixunbine  with  aeida  readily  without  eliminating  hydrogen, 
sod  tlie  aalb^  thus  formed  resemble  those  of  aaimoniu  in  many  res|>eeta, 
tmcNig  others  in  Imiiig  thrown  out  of  combination  by  the  fixed  alkalied. 
T*  *^Tii  alkaloid  h  often  re»*:trieted  to  enrajiMiund.s  of  pyridine  and 
4i  ,  UMiI  this  i»  convenient  in   treating  them  from   a  chemical 

ptitcii  of  view.  But  the  pharniaci»logicid  action  of  some  of  the  8ubsti- 
tuitd  ammoniac  of  tlie  methaue  series  h.is  so  much  in  common  with 
tluit  of  the  pyridine  botlies  that  it  is  im|K^ssiblc  to  maintain  this  narrow 
drfinitioQ.  Most  of  the  vegetalile  alkaloids  whose  constitution  is 
Ikoawn  ikTv  derived  from  pyridine,  quinoline  and  is(K|ninoline  by  the 
l^ddition  of  hydrogen,  ami  geoerully  by  the  substitution  of  one  or  more 
of  ttjifr  hydrogen  atoms  by  side  chains  of  greater  or  less  complexity. 
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In  tbe^  the  nitrogen  takes  the  phice  of  one  of  the  carbons  in  benzol 
mud  oaphthalin  resjM^ctively.  In  others  the  nitni*::en  is  attached  to 
ndieles  heloogiog  to  the  methane  or  oj>eo-<"h;un  series,  as  in  CH(OH), 
—  CH^  —  N(CHj)jOH,  whii'h  is  generally  reganleil  as  tlie  fornmla  of 
mascarine.  A  third  series  of  Ixxlies,  which  n»ay  be  regarded  as  alka- 
loids, although  they  di0er  from  the  olhens  in  many  resjKvts,  are  de* 
fivmtivea  of  aniliae,  and  are  artificial  products. 


CH 


Tbest  aoilLne  derivatives  h*»ar  some  relation  to  the  vegetable  bases 
in  tli<!ir  action,  but  are  ettuully  or  more  nearly  ivlateil  to  the  benzol 
Marios  m  that  they  may  l>e  regarded  as  connecting  links  between  these 
two  classes  of  Ixxlies. 

8oRi«>  of  the  vegetable  alkaloids  have  Wen  forme*!  synthetically  in 
the  klxinilory,  and  the  constitution  of  S4ime  of  the  others  is  perfectly 
well  known,  but  many  of  them  have  not  yet  Ixhmi  isolated,  and  there 
are  probably  others  whose  existence  is  not  even  susjxx^ted.  These  vege- 
table alkaloidi  occur  ill  olmost  all  ptrts  of  plants,  although  they  are 


I 


mTRODUCTIOX 

found  in  gi*eatest  ii  buna  mice  in  the  seedg  and  roots.  The  same 
laid  is  oftcni  found  in  most  t>f  tijo  plants  ol'a  geuui«,  or  it  may  occur  to' 
one  or  two  species  of  a  genus  nnd  in  other  phmts  wliich  are  in  no  \M\y 
related.  Very  often  more  than  one  alkali>id  is  tbnud  in  a  plant,  and 
these  raay  differ  entirely  in  llieir  action  on  UDincials,  altliough  not  in- 
frequently all  the  alkaloids  of  a  plant  resemble  each  other  in  their 
eff'ects.  The  aU^aloiils  are  found  almost  exclnsively  in  dicotyledonoua 
plants^  only  one  or  two  being  known  to  exist  in  the  monocotyledons,^ 
Mnsearine  is  tonnd  in  the  iungi,  and  quite  recently  alkaloids  have' 
been  isolated  from  the  snprarenal  capsnle  of  animals  and  from  the  skin 
of  the  salamander.  ' 

The  alkaloids  are  very  often  only  slightly  soluble  in  water,  but 
form  salts  which  are  generally  more  soluble.  Many  of  the  bases  are 
dissolved  in  ether,  chloroform  and  amyl  alcohol,  while  the  salts  are  in-' 
siihible  in  these*  Both  bases  and  salts  are  generally  fairly  solnble  in 
alcohoL  The  alkaloids  are  precipitated  from  solntion  by  a  large  num- 
ber of  reagents,  of  wdiich  the  most  imtKjrtont  are  the  cblo rides  of 
platinnm  and  of  gold,  tannic  acid,  phosphotungstie  and  phosphomo- 
J  lybdie  acid,  tiie  double  iodides  of  potassium  and  mercury,  and  of  po- 
tassium  and  cadmium,  and  iodine  held  in  stilution  in  water  by  potassic 
iodide.  The  hydrates  and  carlx^uates  of  the  alkalies  and  the  alkaline 
earths  piTcipitate  the  alkaloids  from  solutions  of  the  salts  in  water,  a 
point  of  some  importance  in  prescribing  these  bodies.  In  ciises  of 
poisr>ning  when  the  alkaloid  has  Ix^en  taken  by  the  mouth,  it  may  he 
precipitated  in  the  stomach  by  dilute  alkalies  or  better  by  tannin  solu- 
tions. Tlie  poison  should  then  be  removed  by  inducing  vomitiDg"or 
by  washing  out  the  stomach  with  tlie  stomach  tube. 

Another  important  class  of  vegetable  jioison  is  formed  by  the  Glu- 
cosides  (glycosidt's),  or  sncchnrides,  wdiich  are  esters  {comjwund  ethers) 
composed  of  sugars  and  hydroxy  1  substances,  and  whicli  liljcrate 
sugar  when  they  are  hcjitcd  with  acifis,  or  sometimes  with  alkalies,  or 
when  certain  unorganized  ferments  act  on  tbenu  The  sugtir  formed  in 
this  W'ay  is  often  glucosej  but  not  invariably  so;  the  other  deeom po- 
sition products  have  been  identified  only  in  a  few  instances.  Many  of 
the  ghicosides  contain  oidy  carbon,  hydrogen  and  oxygen,  a  few  have 
nitrogen  in  addition  and  one  or  two  sulphur.  In  B4jme  instances  the 
remainder,  after  the  sugar  is  split  off',  is  an  alkoloid,  c.  g.^  solanidine. 
Glucosides  differ  greatly  in  their  solubility  in  water  and  alcohol  ;  com- 
paratively few  of  them  are  soluble  in  ether.  Some  of  the  glucosides 
are  powerful  poisons,  others  have  little  or  no  action. 

Resins,  an  ill-defined  group,  are  found  in  many  plants,  and  are 
characterized  by  their  smcxjth,  shining  fracture,  and  by  tlieir  insolubility 
in  water  and  solubility  in  ether,  chlorofiirm,  volatile  oils,  benzol  and,  in 
many  castas,  in  alcohol.  They  seem  to  he  forme<l  in  plants  by  the  oxi- 
dation of  volatile  oils,  and  are  often  acid  or  anbytlride  in  character^ 
while  others  are  apparently  alcoliols  or  esters.  The  resins  are  almost 
invariably  comixjsed  of  several  different  substances  mixed  together. 
Many  of  the  resins  are  luc^id  irritants,  and  some  are  poisonous  in  com- 
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-^*!rely  small  quantity  from  the  powerful  actioa  tliey  exert  on  the 

it  are  solutions  of  resins  in  ethereal  oils,  which  lend  them  a 

I -tic  odor  and  taste. 

The  term  ^  Balaam^  is  often  used  as  synonymous  with  oleoresin, 

*   writers  restrict  it  to  those  oIcurL'sins   which  contain   ben- 

uinamie  acid  along  with  other  constituents.     (See  Benzoic 

armlim  are  mixtures  of  resins  and  gums,  generally  containing  some 
K'oiliw     They  are  insoluble  in  water,  but  the  resin  is  suspended 
v  the  gum.    On  the  otiier  hand^  the  resin  is  dissolveil  by  alcohol, 
the  gum  retnnius  insoluble. 
Ooms  are  amorphous,  transparent  substances,  composed  of  <"arbo!ry- 
^4rH€s  of  the  formula  C^Hj^pj  and  are  thus  nearly  related   to  cellu- 
lose and  starch.     Some  of  them  ai'e  soluble  in  water,  while  others 
■sriy  swell   to  a  jelly  in  it ;  they  are  insoluble  in   alcohoh     They 
pavniUy  occur  in  plants  in  conibi nation  with  eidcium,  maguesiuui  or 
muim  ;  they  have  no  poisououra  action,  but  form  a  pr^jteetive  eover- 
ffor  irritated  surfaces,  and  are  largely  used  to  suspend  in  water  sub- 
Dces  which  are  insoluble  in  it,  such  as  resins  and  oils. 
Volatile  oils  occur  in  plants  in  large  numlyers.      (See  page  60.) 
Many  Acids  which  are  of  phiirruacfJogieal  and  therapeutic  interest 
ttt  obtained  fr«3ra  plants,  but  it  is  unnecessary  to  enter  into  a  descrip- 
tin  of  their  properties  liere. 

Fata  and  oils,  sugars,  starch,  proteids,  coloring  matter,  ferments  and 
«riier  bodies  which  occur  in  plants,  and  are  CfHitained  in  many  rtf  tlie 
anitions  used  in   therapeutics,  are  not  generally  possesseil  of  any 
00  of  importance.     Those  which  are  active  in  the  body  will  be 
criWd  individually. 

finally  many  of  the  active  principles  of  plants  are  entirely  unknown 
whave  been  only  partially  examined.     Among  these  are  a  number  of 
wkstances  which  have  little  in  common  except  their  bitter  taste  and 
^Mch  are  known  as  Bitters, 


THE  PHABMACOPCEIAS  AND  PHAEMACOPffilAL 
PREPAEATIONS. 

Almost  all  governments  have  found  it  necessary  to  i^gulate  the 
pairation  of  drugs  used  in  the rajM^u ties,  and  for  this  purpose  issue  at 
•*rv^ulf*  codes  of  instructinus  detining  the  characters  of  the  drugs  and 
pviog  the  exact  formuhe  according  to  which  they  are  to  lie  prepared 
'  ilse,  la  the  United  States,  where  tlie  government  has  not  im- 
:eo  this  as  yet,  a  code  has  l>ecn  pre|»ared  by  a  voluntary  asso- 
tioti  of  physicians  anil  ]iharmacists.  These  codes  are  kiKJwn  as 
opceias,  and  some  differences  exist  between  those  of  diffcrcut 
,  although  the  most  irn|)ortant  drug*  an.*  found  in  all  of  them. 
the  drugs  usetl  in  theraptnitics  are  not  f^nmd  in  the  jihamiaeopaHas, 
the^*  are  issued  only  at  intervals  of  several  years,  and  in  the  mean- 
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timti  large  numbers  of  remedies  are  hitr*Kluced,  uschI  for  a  few  months, 
and  pass  into  oblivion.  Even  when  a  drug  maititaius  its  position  for 
many  years,  and  promises  to  be  a  hustirig  addition  to  tliempenties,  it 
often  fails  to  be  admitted  to  the  official  eode,  while  others  of  older 
standingj  whieh  are  et>mpanitively  seldom  used,  and  wliich  might  be 
omittetl  without  loss,  are  kept  on  the  list.  This  conservative  tendency 
of  the  compilers  i>f  the  pharmaeoprcias  has  its  disadvantages,  hut  at  anv 
rate  tends  to  witbliold  official  sanetion  from  the  innumerable  ephemeral 
pro4luet8  of  chemical  industry.  The  otficiid  definition  of  therapeutic 
substances  is  of  advautage  t4)  both  ]rhysieian  and  pharmacist,  as  it 
assures  the  former  that  the  drug  he  prescribes  will  have  a  uniform 
quality,  wherever  in  the  country  it  is  dispensed,  while  the  pharmacist 
is  saved  from  tlie  eootinual  preparation  of  reuH^dies  in  different  forms^ 
by  their  being  pivseribed  in  otjc  I'ewfgnized  s^treugth. 

The  pharmaeoiKcias  contain  a  large  number  of  pure  substances  such 
as  salts,  acids,  bases,  alkaloids,  and  these  require  no  further  description. 
On  the  other  haud,  mauy  of  the  drugs  are  given  in  an  imimre  form, 
either  because  the  active  principle  is  uuknowo,  or  because  its  isolation 
is  attended  with  difficully  and  expense.  Thus  many  of  the  vegetable 
remedies  are  presented  in  the  pharmacoiweiEis  as  solutions  or  solids  which 
contain  not  only  the  active  principle  but  gums,  sugars,  coloring  matter, 
and  many  other  impurities.  These  are  provided  in  different  forms  to 
allow  of  variation  in  their  administration.  In  addition,  the  pharma- 
copeeias  contain  a  number  of  official  prescript ions^  that  is,  mixtures 
of  active  substances  in  such  proportions  as  are  ordinarily  prescribed^ 
These  are  generally  designated  by  the  addition  of  compound  {compo 
situs)  to  the  name  of  the  chief  iirgredient.  Most  pharmacopoeias 
continue  to  use  Latin  in  the  titles  of  the  drugs,  and  this  is  not  due  to 
mere  pedantry  or  conservatism,  as  is  often  stated.  For  the  pojiular 
name  of  a  drug  is  often  used  for  several  different  substances,  as,  for 
example,  hellebore^  while  the  Latin  name  in  a  prescription  indicates 
that  drug  whicli  is  known  by  the  term  in  the  pharmacojxpia.  In  the 
same  way  it  is  found  necessary  to  maintain  Latin  terras  in  botany  and 
zoology  in  order  to  define  accurately  the  species. 

Many  crude  or  un[>repared  drugs  are  found  in  the  pharraacopceias, 
such  as  leaver,  roots,  flowers,  or  even  whole  plants.  These  are  used 
chiefly  for  the  preparation  of  other  more  readily  applicable  remedies^ 
but  are  sometimes  prescribed  as  powders  or  in  pills. 

The  following  preimratious  ^  are  official  : 

ii.   Aqifeoiis  Preparations. 

Aquie,  medicated  waters,  generally  contain  only  traces  of  some  volatile 
substance,  such  as  an  ethereal  oil  or  ehloroixinii,  in  sohjiion  in  water,  and 
these  are  used  in  prescriptions  as  more  agreeable  to  the  taste  anil  siiicll  than 
pure  water  but  have  no  further  ellect.     In  the  U.S.  P.  the  aolutions  of 

'  The  stiirlent  in  adviwet^  to  omit  tlie  fc)llowin;E:  list  for  the  presient,  and  to  refer  lo  it 
only  as  he  take.'^  un  the  nrepanititins  uf  the  individual  drugs.  Most  of  these  iirepam- 
tioas  are  found  in  t>otli  pliftriuiiroiJtiMaH.  Thon-  which  oceiir  only  in  the  BritiMi  are  indi- 
cated by  B,  P,,  while  those  whicli  are  confined  to  the  United  Slates  are  marked  IL  S^  P. 
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e.  ammoDiaand  hydrogen  peroxide  are  also  included  under  aquiE,  but 
5  arc  used  only  to  elicit  the  specific  eifects  of  these  dnigs  aud  are  power- 
I poisons.     In  the  B.  P.  the-se  strong  solutions  are  inchided  in  the  liijuores. 
Ui^$orm  (U*  S.  P,)  are  solutions  in  water  of  soluble  substances  which  are 
volatile.     The  official  solutions  of  powertol  poisons  are  often  one  per 
eifit.  in  strength, 

Uqttoreff  (B,  P.)  are  solutions  in  the  widest  sense^  in  water,  alcohol,  or 
ntbtr  fluids.  The  dissolved  substance  may  be  volatile  or  non-volatile.  The 
**aillceotr&ted  solutions''  (B  P,,  Llquores  ConcentraH)  are  not,  as  might  be 
a^posedf  condensed  by  evaporation.  They  resemble  infusions  and  deeoc- 
Ibts  in  most  respects. 

JkeoHa,  or  decoctions,  are  impure  solutions  of  vegetable  principles,  which 
Hi  obtained  by  boiling  parts  of  plaut>i  In  water, 

J  InfuMti,  or  infusions,  are  solutions  obtained  by  soaking  parts  of  plants  in 

lt«r.  which  may  be  hot  or  cold,  but  is  not  kept  boiling.     Infusions  and 

lions  are  weak  preparations  and  decompose  rapidly  so  that  they  are 

Biionly  when  recently  prepared. 

Mijiturit  (U.  S.  P.),  or  mixtures,  are  preparations » in  which  substances  in- 

luiuble  in  water  are  suspended  in  it  by  means  of  gums  or  similar  viscid  sub- 

"   oce«. 

AftjCarar  (B.  P.)  include  a  number  of  preparations  in  which  insoluble  bodies 
i  suspended  in  water  by  means  of  gums  or  syrup,  but  one  mixture  contains 
i\j  soluble  bodies. 

Emuim  (U.  S.  P.),  emulsions,  are  formed  by  suspending  oils  in  water  by 
leuu  of  gums  or  other  viscid  bodies.     The  B.  P.  contains  no  otiieial  emul- 
he  corresponding  preparations  being  knoWD  as  mwiurfe. 

pties^  mucilages,  are  solutions  in  w^ater  of  gums,  starch,  and  sim- 
Lies. 

S^ntpi,  syrups,  are  strong  solutions  of  sugar  in  water,  which  may  be  used 
"one.  or  may  be  impregnated  with  more  active  bodies*  Similar  preparations 
owl  with  honey  instead  of  synip  (sonieliraes  known  as  meitita)  are  otficial, 
I  Mel  R/jste  (U,  S.  P.),  Mel  Boracis  (B.  P.).  A  solution  of  honey  and  acetic 
cid  is  known  as  oxymel  in  the  B.  P.  (Oxymel  Hcillie). 

t^i&neM  (B.  P.),  lotions,  or  washe?^.  Tins  term  is  used  to  designate  two 
pttpMmtioas  of  mercury,  the  black  and  yellow  wash, 

b.    Aicoh&lic  Preparuiionif. 

>he  noted  that  in  these  preparations  the  menstruum  (alcohol)  is  not 
ferent  body  as  in  the  aqueous  prepanjticms ;  the  cRects  of  some  of 
*cU^i*iire  undoubtedly  due  rather  to  the  alcohol  than  to  the  dissolved 
Mices. 

nituf,  spirits,  arc  solutions  of  volatile  bodies  in  alcohol,  and  oJlcn  owe 
rfhief  action  to  the  solvent  and  not  to  the  drug  contained  in  it, 
ElUina  (l\  S.  P.),  elixirs,  differ  from  spirits  chielly  in  containing  sugars, 
l«ifb  lire  adderl  in  order  to  give  them  taste. 
Ti^turfe,  tinctures,  are  solutions  in  alfuhol  of  medicinal  substances,  which 
t^jGitjaerally  formed  by  soaking  parts  of  plants  in  it.  They  contain  both  volatile 
InoD-volafileingredientSj  but  the  latter  are  generally  the  more  important. 
Ertracta  Fltnda  fU.  B.  R),   Estracim  Liquidn  (B.    P^),  fluid  extracts,  are 
from  plants  by  forming  solutions  in  water  or  more  frequently  in 
t>hol^  and  evaporating  them  until  the  solutions  contain  as  many  cubic 
btimtrters  as  the  original  crude  <lrugs  weighed  hi  gi^ammes;   that  is  the 
tume  of  the  fluid  extmct  correspomls  to  the  weight  of  the  crude  drug* 
he  tjnctures  and   Huid    extracts   are  the   most   commonly   used   liquid 
»tions,  and  most  of  the  important  drugs  are  prepared  in  one  or  both 
flKe^*  forms. 
Ttiia,  medical dd  win^,  are  solutions  of  active  substances  in  wine  or  m 
Qte  alcohol. 
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Succi  (B.  P.),  the  juicejj  of  fresh  greea  plauLs,  obtained  by  pressure.  Some 
alcohol  is  added  to  preserve  them  from  putrefaction. 

c.  Other  Fluid  Preparations. 

Glycerita  (TT,  S.  P.)  or  Glyceritia  (B.  P.)  are  tiolutions  of  medicinal  sub- 
stances h\  glycerio. 

CoHodia^  collodious,  are  solutioos  of  mediciual  substances  in  collodion. 
(See  Fart  VI.) 

Aceta^  or  medicated  vinegars,  are  solutions  of  medicinal  substances  in 
vinegar  or  ace  tie  acid, 

Linimentaj  liniiiietitSj  embrocatluus,  are  preparation!?  in  which  active  rem* 
LMiie-t  are  dissolved  or  iiUHpended  in  dilute:*  ulcoliol^  oils,  or  water.  They  gen- 
erally contain  an  oil  or  soaji  and  are  intended  to  be  applied  to  the  skin. 

d.   Solid  ajid  6'eini-Solid  J  ^reparations, 

Ejrfraeta,  extracts,  are  formed  from  soUilions  sneh  as  tinctures,  decoctions, 
or  iul'ui^ious  by  evaporation^  which  is  eontiruied  until  there  remains  a  solid 
mass.  The  extracts  thus  contain  all  the  suVj.^itances  which  are  tiiken  up  by 
the  solvent^  except  those  which  are  driven  otl'or  decomposed  by  the  temper- 
ature at  which  evaporation  is  carried  on, 

Pjiithi\  pills,  are  globular  masses  of  small  size^  such  as  admits  of  their 
being  easily  swallowed.  They  are  formed  from  exti'acts,  or  from  powders, 
by  tlie  addition  of  some  subfitance  to  give  them  the  necessary  cohesion  and 
consif^teney.  Pills  generally  %veigli  0.1-0.3  G.  (iJ-5  grs.).  The  U.  S.  P.  de- 
termines the  composition  and  size  of  the  otheiul  pills,  so  that  the  dose  can 
be  modified  only  by  ordering  several  pills  to  be  taken  at  one  time.  The  B,  P. 
leaves  the  pills  unformed,  ao  that  tliey  may  be  prescribed  of  any  size.  The 
PilulfB  of  the  B,  P,  really  correspond  not  to  the  Pilula;,  but  to  the  Mass^  of 
the  U.  S,  P, 

MfMsse  (U,  S.  P,},  masses,  are  preparations  made  up  of  the  proper  consist- 
ency for  pills.     They  are  invariably  preserilied  in  the  form  of  pills. 

Cfjnff'ctioJit'S^  coufeetious  or  elect  narics,  are  soft^  solid  preparations  consist- 
ing of  sugar  or  honey  impregnated  %vith  some  more  active  body. 

SuppoHftoria,  or  suppositories,  are  intended  for  insertion  into  the  rectum, 
urethra,  or  vagiriii,  and  are^  except  in  one  or  two  aivSes^  formcii  l>y  mixing 
the  active  ingredient  with  cacao-butter.  (Bee  part  Y I.)  i^upposi tones  for 
the  rectum  are  conical  in  shape  ami  weigli  about  a  gramme 1 15  grs.).  Those 
for  the  urethra  are  of  the  same  weight,  but  are  peuci!*shaped»  while  the 
vaginal  suppositories  arc  globular,  and  weigh  about  3  grammes  (45  grs,), 

FulvereSj  powdei's^  are  t^imply  dry  substances  in  a  state  of  fine  division. 
Most  of  the  ofhcial  po\^'ders  are  mixtures  of  sevenil  active  liodies. 

Trituraiiones  (U.  B,  P.)^  triturations,  arc  formed  from  powders  by  diluting 
them  with  nine  parts  of  sugar  of  milk. 

Trochieci^  troches,  or  lozenges,  are  solid  masses,  generally  of  a  flattened 
shape,  and  eonsih«t  of  powders  or  other  bodies^  incorporated  in  sugar  and  gum, 
A  very  friable  form  of  hizcngc  known  as  Taheilm,  or  tablet  triturates  (not 
official),  is  formed  by  prea^^ing  in  moulds  a  mixture  of  powdered  sugar  and 
drugs,  slightly  moistened  with  alcohol, 

Lamt'Hit  (B.  P,),  or  discs^  are  small  discs  formed  of  gelntiu  with  some  gly- 
cerin, each  weighing  ^VWir  gr.  They  are  iinpregnateii  with  an  active  dnig^ 
and  are  api*lied  to  the  conjunctiva  in  order  to  elicit  the  locul  elTtTts, 

Utiffttenfa^  ohitments,  sahes,  are  soft,  oily  suhstaaces  which  are  applied  to 
the  skin  by  rubbing,     (See  page  49.) 

Oleafa^  solutions  in  oleic  acid  resembling  the  ointments  in  appeamnce  and 
uses. 

Ceraia  (IL  S.  P.),  cerates,  resemble  ointmentSj  hut  are  rendered  harder  by 
the  addition  of  wax.     (See  puge  5U.) 
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1,  piasters,  are  adhesive  bodies  of  a  fitill  harder  consistency  than 
and  solten  only  when  heMed,     (See  Part  VI.) 
_€kmtMt,  papers,  are  preparations  of  active  substances  which  are  spread  in  a 
I  layer  upon  paper,  or  are  incorporated  in  it  by  dipping  sheets  of  paper 
» a  lujlation. 

Unofficial  Prepabations. 

?f»,  are  thin  discs  of  dough  of  the  shape  of  a  f^onp-plate  and  varpng 
in*  to  1|  in,  in  ciiameter.  When  twu  of  them  are  pkicerl  together 
(th  their  conc^v^e  sides  toward  each  other,  they  fonii  a  receptacle  in  which 
;  are  dispensed.  The  edges  stick  together  when  they  are  moistened. 
rwhat  similar  method  of  dispense  up:  is  in  gehitiu  vapRuirs^  which  may 
1  o r  soft ,  an d  w  h i c h  a  re  m  ad e  i 1 1  d  i  tl ere r  1 1  s i  zes.  T he  ha rd  ca ps n  1  e  la 
t  for  solids,  the  soft  fi*r  liquids.  Sometimes  the  latter  contain  as  much 
U5c,e,  (i  fl.  oz.),  hut  these  are  ditliciilt  to  jf*wallow. 

\  Oai^^lasmata,  or  poultices,  are  not  official  preparations  now,  but  are  in 
Bmaa  use.  They  are  generally  made  of  linf^ced  iiiealT  oatmeal ^  or  bread 
cmb,  which  is  formed  into  a  paste  with  hot  watrr,  enclosed  in  thin  cutttm 
r  liaen  and  applied  to  the  skin.  Mustard  an*!  other  remedies  may  he  athled 
"^  l|ioultiee  ill  order  to  induce  special  effects,  and  in  some  cases  a  poultice 
merely  of  drugs  enclosed  in  a  cloth  sa(*k,  as  iu  charcoal  or  spice 

clysRiata,  or  clysters,  are  liquid  Bulistances  injected  into  the  rec- 
•  their  local  or  general  e fleets.     (See  page  31.) 

CLASSIFICATION  OF  DEUG3. 

Writcr^s  on  pharraacology  and  therapeutics  arrange  drugs  on  many  differ- 
it  principles.  Thus  a  somewhat  antiquated  syatem  classities  the  vegetable 
Qt'tlifs  uc<x>rd|Qg  to  tlie  lH,'^aTli^'^«-l  fji^nilii^^  from  which  they  are  obtained, 
m  there  is  little  advantagenii  thjs  arrangement,  for  an  order  may  include 
ujes  which  differ  entirely  in  their  action  and  in  the  therajieutic  uses  to 
I  they  are  put,  while,  on  the  other  band,  two  widely  separated  botanical 
may  contain  identical  poistms.  Another  classification  of  drugs  is 
^og  to  their  ^^^mnfiij tif,  *>tiW-ts.  and  thi^  might  ^^eem  at  tirst  sight  the 
Dnvenieni  for"suiaent8  of  medicine.  This  plan  has  its  drawbacks, 
tt%  for  many  drugs  are  used  for  a  large  mimber  of  different  purposes, 
lit  is  impossible  to  describe  them  under  each  heading.  In  addition,  the 
atioo  in  groups  is  always  liable  to  suggest  a  much  closer  resinnblance 
ktlTects  of  the  individual  drugs  than  really  exists.  Thus  the  drugs 
fielttssed  as  *^ cardiac  stimulants^*  difrer  much,  not  only  in  their  etlects 
i_ihe  body  in  general,  but  in  their  action  on  the  heart,  and  oplnimis  may 
us  to  w^h ether  some  of  them  stimulate  or  dejiress  the  heart.  They 
Biy  cannot  bt*  substituted  for  each  otiier  in  the  treatment  of  lu*art  dis- 
lls  iu  •*ug^ested  by  their  being  classified  together  under  this  heading. 
fy^Wy.  practical  therapeutics  can  he  taught  only  in  the  clinic,  and  in  ihe 
w^hing  of  pharmacology'  it  seems  advisable  to  direct  the  student's  attention 
*thpr  to  the  action  of  drugs  than  to  the  practical  uses,  which  cjin  be  taught 
>  much  greater  advantage  in  eounectiou  with  the  symptoms,  j>rognosis,  and 
[other  clinical  features  of  distease.  The  classification  of  drugs  and  poisons 
tiing  to  their  action  on  living  tnatt^er  is  the  natural  one,  and  is  based 
I  the  .^me  logical  pnnclffle^^fle  fiiocJern  cl ass itl cation  of  plants  in  but- 
fmd  of  animals  in  zoology.  The  object  \i^  to  group  together  those  snb- 
~  t  w^h i eh  h a ve  m ost  \ h m n ts  o f  rcse rn Id u n c e .  w h e t h i*r  t h ey  a r t-  obt a i ned 
the  same  or  from  ditFcrent  orders  of  plants,  and  whatever  relation 
^y  may  bear  to  cath  other  in  thera]>eutics.  This  clas-i lira t ion.  w^hich 
^Hiutrodueed  by  Buchheim,  has  been  further  developed  by  Schmiedeberg 
m  his  pupils.     In  the  present  state  of  knowledge  it  is  necessarily  imper- 


42  INTRO  DUCTIOK 

feet,  and  many  resemblances  and  affinities;  ha%'e  not  gained  that  r€?fOgi 
nit  ion  wlik-li  I  hey  will  thmhtless  ret'eive  in  the  future.  Even  in  itf?  presi 
ent  imperfeet  foriiv,  h«»wevei\  this  elassiflcution  is  the  ^u)^t  mtisfactorj 
one  available,  and,  nnlike  the  otbei-s,  it  can  be  easily  s^ubjected  to  such  modi 
licattons  as  the  atlvance  tjf  seienee  renders  uecessary.  If  ever  the  idcA 
classilication  he  attained,  in  which  the  grouping  is  based  upon  the  chemica 
reactions  of  the  poisons  with  the  living  protophisui,  thisiiatin-al  eias^illeatioi 
will  be  found  to  conform  more  easily  to  it  than  any  based  upon  origin  ol 
t e in porary  the ra peu tic  u scs . 

Kesc^iablance  in  pharmacological  action  does  not  ntces,-arily  involve  simi- 
larity in  chemical  comj»ositioij,  a.s  has  been  already  pointed  out.  But  it  ii 
fouad  that  in  many  instances  the  members  of  a  pharmacological  grou^i  have 
some  geiKH-al  cheniical  eharacter  whieli  distingmshes  them  from  others, 
Drugs  which  resemble  each  other  in  their  pharmacological  action,  are  oflen. 
u^ed  for  verv  di  tie  rent  purposes  in  therapeutics,  although  this  is  much  less 
frctpieutly  the  case  now  than  foniierly.  This  is  very  generally  due  to  ih^ 
failure  of  the  clinicians  to  observe  the  resemblance  in  the  action  of  drugs, 
As  they  become  more  fiimiiiar  with  the  result'^  of  animal  exj»enment,  they 
will  recoguizc  that  in  many  instances  <lrugs  which  they  now  regard  as  dis- 
tinct on  account  of  superficial  difFer^nces,  really  resemlde  each  otiier  in  all 
important  points,  and  may  Vm  substituted  for  each  other  in  therapeutics  In 
this  way  it  is  to  he  hoped  that  the  mitural  classification  of  drugs  will  gradu- 
ally he  found  to  approach  more  closely  to  tlie  therapeutic.  At  the  present 
time  the  continued  use  of  the  therapeutic  classification  can  cnly  teud  to  delay 
th\^  consummation. 

In  this  volume,  the  elassi fiontion  adopted  is  that  of  Buchheim  aiid 
Sc^limiedcberg,  with  some  sliglit  alterations  which  seemed  to  be  de- 
manded by  recent  progress.  The  drngs  are  thrown  into  a  large  num- 
ber of  gronps  which  are  named  from  the  most  prominent  member,  or 
from  some  marked  property  possessed  by  all.  These  groups  are  ar- 
ranged»  as  llir  as  jxissible,  according  to  their  mutual  resemblances.  It 
has  been  found  advisable  to  retain,  for  the  most  part,  the  divisions  into 
organic  aiKl  inorganic  drugs,  although  this  may,  perhaps,  have  to  be 
abandoned  in  the  future^  The  first  series  of  gronps  of  the  organic 
materia  medicii  are  possessed  of  the  e43mmon  property  of  inducing 
more  marked  loeid  than  general  effects,  and  these  may  therefore  l>e 
classifiiHl  in  one  large  subdivision.  The  second  division  of  the  organic 
drugs  is  formed  of  those  whose  pronoun  ceil  general  action  obscures  , 
their  local  efftvts,  when  these  are  not  entirely  absent.  The  first  few 
gronps  of  tliis  division  are  formed  of  those  whose  chief  action  is  de- 
veIo|)ed  on  the  central  ner%^3us  system  ;  then  follow  those  which  in- 
volve more  especially  the  peripheral  nerves,  muscles,  and  secretory  or- 
gans ;  these,  again,  pass  into  a  series  in  which  local  irritant  action  is 
associated  with  powerful  general  effects,  and  through  these  into  a  se- 
ries of  protoplasm  poisons.  The  last  series  of  organic  gronps  consists 
of  those  acting  cliiefly  on  the  heart  and  vessels  directly.  The  groups 
of  the  inorganic  drugs  show  less  defined  affinities,  and  are  much  more 
difficult  to  classify  than  the  organic  series.  The  salts  of  the  alkalies 
and  alkaline  earths,  the  acids  and  alkalies  may  be  thrown  into  a  large  and 
gomewliat  heterogeneous  division,  w-hich  is  easily  marked  off  from  that 
of  the  heavy  metals,  which   liave  many  points  in  common  in  their  ef- 
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feds  in  the  organism,  as  in  their  chemical  reactions.  The  latter  divi- 
BOD  b  led  up  to  by  phosphorus  and  arsenic,  and  several  bodies  which 
it  is  impossible  to  classify  at  present  are  placed  between  these  and  the 
iiEt  inorganic  division.  Another  class  b  formed  of  a  number  of  sub- 
iteDces  which  are  either  present  in  the  normal  body,  or  are  merely  sub- 
sdtotes  for  normal  secretions,  and  the  final  class  is  composed  of  a  few 
preparations  which  are  used  only  for  their  mechanical  effects,  and 
which  ibr  the  most  part  are  not  drugs,  although  they  are  included  iu 
tk  pharmaoopoeias. 

It  must  be  emphasized  that  no  attempt  is  made  to  draw  hard  and 
fi»t  lines  of  demarcation  between  the  different  groups.  The  essential 
features  of  the  natural  system  involve  the  recognition  that  this  is  im- 
possible. It  has  therefore  been  considered  best  not  to  indicate  any 
definite  point  at  which  the  discussion  of  poisons  acting  on  the  central 
nervous  system  ends  and  that  of  the  drugs  with  peripheral  effects  be- 
gins. The  student  is  always  liable  to  lay  more  importance  on  such 
divisions  than  is  intended  by  the  writer,  to  list  those  on  one  side  of 
the  dividing  line  as  central,  those  on  the  other  as  peripheral  in  action, 
whereas  the  transition  is  gradual.  The  six  chief  divisions  are  therefore 
the  only  ones  indicated. 


PART  L 


QRGANIC   SUBSTANCES   WHICH    ARE   CHAR- 
ACTERIZED CHIEFLY  BY  THEIR 
LQCAI,  ACTION. 

Tui»  class  contains  a  very  eonsidenible  part  of  the  drugs  included 
tiie  |iharraacopfeias,  althtmi^h  it  Ix^ars  a  snialler  projiortiun  than  for- 
\y  to  the  other  elaases.  There  is  still,  however,  in  it  a  larger 
ibcr  of  drugs  which  have  practically  identical  etfects,  and  there  i^ 
I  qo^tion  that  it  might  be  considerably  curtailed  without  luss  to 
Kpeutic  practice.  Many  of  its  members  arc  irrit^mts,  and  these 
laTe  been  subdivided  for  convenience  into  groups  according  to  the 
ofgiuvs  on  which  they  exert  their  chief  action  and  the  |nirposes  for 
which  they  are  used  in  therajieuties,  as  gastric,  intestinal,  cutaneous 
trritantB*  Others  act  as  protect ive8,  covering  injured  surfaces  (demul- 
*,  emoIlientB),  and  still  others  precipitate  the  proteids  on  the  sur- 
to  which  they  are  applied  (astringents).  Others  seem  to  act 
biefly  by  aflfecting  the  taste,  and  finally  a  heterogeneous  group  which 
in  the  treatment  of  intestinal  parasites,  hiis  been  inserted  here. 


I    DEMULCENTS. 

A  large  number  of  colloid  sul>stances^— ^-luefly  gums,  dextrins,  sugars 
nnd  fetnrches — owe  their  use  in  medicine,  not  to  any  changes  they  pro- 
duce m  the  cells  with  w^tiieh  they  come  in  ciuitact,  Init  to  tlie  fact  that 
they  are  cohesive  and  serve  to  protect  surfaces  met^hanitidly.  When 
they  are  applied  to  a  sensitive  surface,  they  retanl  the  movement  of 
fluid  or  air  against  it  and  thus  preserve  it  fmm  the  effects  of  these 
Bgenta.  This  may  be  illustrated  by  familiar  exnmples  in  which  the 
taste  of  food  is  altered  by  their  presence,  nit  hough  tiicy  have  often  no 
taste  or  odor  in  themselves.  Sugar  tUssolvcd  in  mucilnge  tastes  less 
sweet  than  in  water  and  acids  are  also  less  appreciated,  as  may  be  ob- 
served in  many  fruits.  For  example,  the  rasplx^rry  ctrntaius  more  aetd 
and  less  sugar  than  the  currant,  hut  in  the  former  the  aci<l  taste  is  eon- 

iled  by  the  presence  of  large  fpiantities  of  colloids^  so  that  the  rasp- 
berry is  regarded  as  a  sweet  fruit,  the  currant  as  an  acid  one.  Even 
€oId  IS  felt  less  when  a  colloid  substance  is  present  in  the  fluid  swaU 
1 ;  thus,  ice-cream  or  iced  milk  does  not  feel  so  cold  on  the  tongue 
throat  as  frozen  wat^r,  because  the  colloid  protcid  substances  furm 
a  protecting  layer  over  the  surface,  and  prevent  the  cold  mass  from 
^    reiiching  the  sensoiy  terra i nations  so  freelv  as  it  otherwise  would,     A 
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number  of  experiments  carried  out  by  Tappeioer  *  show  that  other! 
organs  may  be  protected  in  the  same  way  by  colloid  Bolutionw,  Strong- 
salt  solution  applied  to  a  motor  nerve  first  stimulates  and  then  slowly 
paralyzes  it,  bat  Tap[>einer  found  tliat  Ixjth  of  these  effects  are  much 
less  marked  if  tlie  solution  be  made  up  with  mucilage  instead  of  with 
water,  because  the  salt  does  not  reach  the  nerve  so  readily.  In  the 
same  way,  intense  pain  is  caused  in  a  wound  by  strong  salt  solution, 
but  is  much  less  severe  if  the  solution  contain  colloid  material. 

When  deniulcents  reach  the  stotuaeh,  they  apjicar  to  c*oat  the  wall 
aud  tlius  to  alter  the  seiisatiiui  arising  from  fiicul,  for  (inincke  found  in 
a  cas*i  of  gastric  fistula  that  the  ]>atient  could  distinguish  ujilk  from 
water  even  wlien  it  was  passed  directly  into  the  stomach,  ami  l*awlow 
states  that  the  presence  of  starch  in  the  stomach  alters  the  secretion 
induced  by  food.  Tappciner  found  that  much  less  inflammation  of  the 
intestine  is  caused  by  irritants  if  they  are  suspended  in  demulcents  than 
if  they  are  dissolvetl  in  water^  and  tliis  accords  with  the  observation 
that  beer,  wliieh  eonlaius  large  quantities  of  dextrin,  is  less  irritant  to 
the  stomach  than  a  sirlution  of  alcohol  of  equal  strength.  The  digestion 
of  proteids  outside  the  ImrIv  is  retaRlcd  by  the  presence  of  the  demul- 
cents, and  probably  this  is  also  true  of  the  process  in  the  stomach. 
Colloid  IkkHcs  also  retard  the  abs*>rption  of  fluids  from  the  stomach  and 
bowel,  and  this  leads  to  a  feeling  of  distention,  which  is  nuieh  less 
marked  if  the  same  amount  of  fluid  be  swallowwl  without  colloid  ;  for 
instance,  water  is  absorl>e<l  more  rapidly  than  milk  or  beer. 

The  alow  absorption  of  colloid  fluids  allows  time  for  decomposition, 
find  this  may  give  rise  to  irritation  and  catarrh.  The  colloids  them- 
selves are  absorbed  very  slowly,  aud  proltably  only  in  a  condition  of 
semi-decomposition.  After  aI)sorption,  they  are  oxidized  in  tlie  tissues 
and  t  fie  re  fore  act  as  foods  to  some  extent,  alt!  rough  their  slow  absorp- 
tion prevents  their  being  of  much  value.  They  have,  of  course,  no 
eifect  as  deinnlcents  afler  absorption,  but  the  large  quantity  of  fluid 
with  which  they  are  generally  taken  may  be  of  benefit  in  some  c*oudi- 
tii)ns. 

Demulcents  are  used  to  cover  inflamed  surfac^es  ;  in  tonsillitis,  for 
exam|>le,  tliey  may  be  ajiplied  as  gargles,  or  better  by  sucking  lozenges 
containing  them.  They  are  not  often  applied  externally  for  this  pur- 
pose, as  they  are  liable  to  serve  as  media  for  the  growth  of  micro- 
4irganisms,  In  gastric  and  intestinal  catarrh  their  use  is  objectionable 
fVu"  the  same  reason,  their  slow  absorf)tion  leading  to  decomposition 
with  the  formation  of  irritants,  which  may  do  more  harm  than  is  eouu- 
ti-rhalanced  by  their  pn>tcctive  action. 

In  acute  irritant  jmisoning  the  demulcents  are  often  of  great  value  as 
they  protect  the  stomach  wall  from  the  effects  of  the  jniison.  The  liest 
remetlv  in  these  cases,  beirause  the  most  readily  obtainable,  is  milk  or 
white  of  eggs. 

Their  cflFects  in  retarding  the  al>sorption  of  other  remedies  may  l>e 
taken  advantage  of.     Thus  when  the  effect  of  alcohol  on  the  stomach 
»  Tiippeinerj  Munclien.  med,  Woch,,  1899,  No.  38, 
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r  boirel  is  desired,  it  is  given  as  wine,  which  contains  colloid  material, 
12x1  ii  therefore,  absorbed  slowly ;  it  must  be  noteil,  however,  that 
10  colloids  delay  dig(j'stion  niueli  raore  than  ak^ohul  itself.  In 
wuy  opium  and  extract  of  nux  vomica  are  |>rescribcd  when 
action  on  the  bowel  and  stonuich  is  desired,  while  tlie  pure 
,  morphine  and  strychnine,  are  administered  for  their  effects 
'rption. 

r-  are  often  given  instead  of  pure  water  in  cases  wliere  it 

'  administer  large  quantities  of  fluid ,  as  they  have  more 

•*body  ■*  and  are  more  agreeable  to  the  taste*     Thus,  barley  water  or 

I  tfiDv  other  demulcent  may  be  advised  in  order  to  dilute  the  urine  when 

'  ilis  loo  concent  rated  or  too  acid.     The  tlu'rst  of  fever  is  often  assuaged 

'  better  by  these  than  by  water  alone. 

3iilceut8  are  often  used  as  the  Ixt^is  of  enemata  wliich  are  intended 

' io be  absarbed,  because  solutions  containing  colloids  are  less  irritant 

loJ  therefore  less  liable  to  set  up  peristalsis  than  pure  water.     Kor 

1  pur|i06e  starch  solution  is  generally  used* 

PRKPARATIONS. 

Kida  (tJ.  8.  P.),  Acacia  Gummi  (B.  P.)  {gnm  arahic).  a  gummy  exuda- 
tina  obtuned  from  Acacia  Senegal^  consists  of  the  |>otassium,  magnesiimiT 
od  Qftlcimn  stilts  of  a  weakly  acid  suhstuuce,  uraViin  or  iirabiDic  arid 
(C^H^O,),  It  is  soluble  in  equal  parts  of  water,  and  is  used  as  a  demulceot, 
but  more  largely  to  give  ei>hesion  to  pills^  lozenges,  ete.,  aad  to  suspead 
p09ilen  or  oils  in  water,  In  emulsions  and  mixtures. 

KuciLAGo  AcACi.fi  {l\  8,  P.,  B.  P.). — About  1  part  acacia  in  2  of  water, 

$fHijmB  Acacitt  (U.  8.  P.), 

ttificaaitlia  (U.  9.  P.,  B.  P.),  a  gummy  exudation  from  various  species 
of  ifUagalus,  contains  anibm  and  tragacanlbin  in  fonibiuiUtou  witb  potjia- 
iiani,  magnesium*  and  caldura.  Tnignfaiithiii  diHbr^  from  ural*iu  in  not 
danivuig,  but  merely  swelling  up  into  a  jelly  iu  water.  Ti-agaciinth  is  umkI 
cWly  to  suspend  heavy  powders  in  water. 

McaL.V(K>  Tr  AG  AC  A  NTH.*:  {V,  S.  p.,  B.  P/),  formt-d  of  tragacauth^ 
Slyceriii  and  water.      In  Iht*  B,  P.  aleolnd  in  used  instead  nt  glycerin. 

^yeerinum   Tragacantha;  (B.   P.)j  **  solution  of  tnigae^mth  in  glycerin  and 

Bifrw  Tratjacanthw  Compo^itujt  (B.  P.),  contains  tragacanth,  gum  acaeiftj 
•Un^himl  ?.uijar.      Do:^q,  20-i:i0  grs. 

Susafras  Medulla  (U.  S,  P.k  the  pith  of  San^afras  variifolium  (sassafras). 

mauler    S.  P  ),  the  inner  bark  of  Uhnus  fnlva  (slipjiery  elm)» 

AlUtt4(tr.  R  p.),  the  root  of  Altb;ei  ollteinalis  (marsh-mallow). 

I^ifl^llJ,  S.  P*,  B    P.),  the  seed  td'  Liiium  usitiitissimutn  (linseed). 

Linntn  C\miusum  (B,  P.),  crushed  linseed. 

Mufilago  SoMftafrm  MeduUve  (U.  S.  P.). 

'^neUnyo  Ulmi  (V.  S.  P.). 

^}irupaM  AUhwi¥  (U.  S.  P.). 

1^b{^  ill!  contiiiu  colloid  substances  which  are  extracted  with  hot  water, 
^  which  are  believed  to  be  nearly  related  to  urabin,  although  their  i^om-^ 
P^'StioD  is  not  accurately  known.  They  are  largely  used  in  domestic  niedi- 
^^  to  demulcents  in  sore  throat,  and  may  be  prescribed  to  suspend  powderB 
^^U,    The  s>Tup  of  marsh-mallow  is  a  t)k'itsant  tlavor. 

^iticam  (U.   S    P.),  the  rhizome  of  Agrofiyrnm  rcpens,  or  couch-grass, 

IMiaiinitr   Ifevulose,  and  a  starchy  snbstance,  triticin.     It^  decoction 

S  bevemge  in  fever,  and  to  dilute  the  urine.     It  has  a  certain 
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popular  reputation  as  a  diuretic  in  fiuiipression  of  the  urine,  calculug,  i 
but  this  i«  entirely  uumerit'ed,  for  it  increaaea  the  urine  simply  by  the 

,  givt^n  with  it.  

7^  Amylum  (U.  S.  P.,  B.  P.),  or  sturch,  may  be  formod  into  u  jelly  by  boiHn| 

tn  wuter,  arui  iimy  then  be  u.sed  for  the  »iinie  purpose  as  the  demuleents. 

iihjceHlitm  Amyli  (U.  S.  P,)^  Glffcerinum  Amyfi  (B.  P.),  is  a  jelly  formeci 
by  beiitiiig  ataroh  with  water  and  glycerin.  Starch  in  various  fornKs— arrow-^ 
rool^  i^ago^  tapioca,  etc, — ]a  vm  important  eleuieut  in  the  diet  of  the  sick,  bud 
thiis  i^ulijeet  can  not  he  entered  on  here.  | 

Amygdala  Dulcis  (U.  S.  P.,  B.  P.),  or  sweet  almonds  the  seed  or  Prunue^ 
amygdaia  dnlcis,  contains  a  lixed  oil  and  emulsin,  a  ferment,  but,  unlike  ih^ 
bitter  almond,  no  amygdalin.  When  triturated  with  water  it  forms  aii 
einuKsion,  ur  mixture,  which  is  bland  and  <lemulcent. 

Etnulmim  Ami/ijdulfe  (U.  8*  P.),  Aiistura  Amyf/daiw  (B.  P.). 

Fuitis  Amffffttufte  CQmp(mtns(H,  P-)  contains  sugar  and  acacia  with  almond, 

Synipu^  Amijgdiihe  (U,  S.  P.)  is  ftirmed  from  a  mixture  of  sweet  and  bitter' 
almonds,  and  therefore  eon  tains  a  small  prtj  port  ion  t»f  prussie  acid,  but  mav  ' 
lie  used  in  the  same  way  as  the  demulcents  with  perfect  safety. 

fHyeyrrhiza  (U.  8,  K),  Glycyrrhi^as  Radix  {B.  P.).  or  liquorice-root, 
the  root  of  CilyeyrrhiAa  Ldabj^a  (vnr.  gland idifeiiij,  is  used  as  a  tb^miib^t^j^ t 
and  more  largely  to  ila\  or  medicines.  It  has  a  pleasant^  sweet  taste,  owing 
to  the  presence  of  GJijeifrrfi hi ^^^ |in  a c J d  j;  1  u eusid e ,  which  is  combined  with 
calcium  and  ammonia  lu  the  plant,  and  is  iiot  soluble  in  coldwater,  hut  swells 
up  in  it  to  a  jelly-like  mass?.  lilycyrrhiKTir'is  probably*  decomposed  in  the 
body  ;  the  urine  is  often  found  to  contain  a  rednelng  body  after  the  admin- 1 
istratiou  of  liquorice. 

EXTRACTUM  GLYCYRRHIZ^IC  (Ih  S.  P.,  B.  P.). 

Extractum  (rhjriirrhizw  Funtm  (U.  S.  P.). 

E^j^i u m  (i lyv v rrh izw  Flutduja  (U.  S.  P,)^  Extractum  Gtycyrrhizw  IJquid 

(B.-p:y 

Giyvtjrrh iMnum  Ammon tat u m  (IT,  8»  P,),  the  ammonium  salt  of  glyeyrrhia 
KULV18  _GLXgYBBHlzirT:rtMnjMlT.D^  (U.  8.    P.,  B.   P.)  contains  senna.! 
Do¥e,  2-8  ©7^-120  grs^.). 
Trochisci  Glycyhrhiz^  et  Opii  (IT.  8.  P.). 

MiSTURA  GLYCYRRHIZ.fJ:  CoMPoaiTA  (U.  8,  p.),  ^*  Brawn  J/i>/j^j;^/>  con- 
tarns  ophim,  antimony  and  spirits  of  nitrous  ether.  Doae,  15-30  c.c.  (1-2 
tablespoon  fu  Is). 

The  extract  is  largely  used  in  the  form  of  lozenges  for  its  deraoleent  ae- 
tion,  and  is  very  tVetjUently  used  to  make  up  pills.  It  is  slightly  laxative, 
and  may  be  used  as  a  ideasant  aperient  for  children  ;  the  compound  powder 
is  more  reliable  for  this  purpose  owing  to  its  conUuning  senna,  one  of  the 
vegetable  purgatives. 

The  liizenges  and  the  brown  mixture  contain  opium  and  are  used  largely 
in  cough  and  in  eatarrli  of  the  air  jnissages. 

Numbers  of  other  substances  are  used  as  demulc-  nts  in  domestic  medi- 
cine, and  are  found  in  ditlcrcui  i>harmacopo?ias.  Examples  of  theae  are 
barley  (Hordeiun)^  s^dep,  veihascuni  and  quince  seeds. 

Oetraria  (U.  8.  P.)^  Iceland  nu>ss,  is  a  lichen  (Cetraria  islandica),  and 
cdiitains  tw(i  nearly  allied  starch  hudics  (licheuin  and  isolicheniu)  together 
with  acids,  of  which  ceti-arie  acid  is  the  most  impoitant,  os  it  gives  the  decoc- 
tion a  bitter  taste.  The  acids  can  be  removed  by  soaking  in  dilute  alkaline 
solutions  fi>r  S4>rae  time. 

Chomdrtis  (V,  8.  P.)  (Irish  moss  or  Carragheen),  Chondrus  crispus  and 
(iigartina  mamiilosa,  Iwth  seawee<!s  gathered  on  the  coasts  of  Ireland  and 
Massachusetts.  Chondrus  contains  a  carbohydrate,  can-ageenin.  The  de- 
coction forms  a  jelly  when  cold,  and  wiis  formerly  supposed  to  form  a  valu- 
able food  in  illne.HS,  but  it  is  of  little  value  for  this  purpose,  for  ouly  about 
aV-i\j  of  the  jelly  is  solid  matter,  the  rest  water. 
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IkeMium  cytmrue  (U.  B.  P.}- 

TOftUns  (IT.  8.  P.)  ttiul  Glycf^ritum  ViicUi  (U.  S,  1\),  a  mixture  of  yolk  of 
[  ^iDd  glyceriti.  may  uIsq  be  iised  a«  demulcetits  wr  Xm  sii^peiul  iusuluble 

lltU  (U,  S,  P,)  (elecampane),  the  root  of  Inula  Helenium,  contains  a 
ftidy  body,  Inuliii,  along  with  a  volatile  oil  and  camphor. 

n.    EMOLLIENTS. 

Emollicnta    are    bland,  oily   snl>stances   which  are  applieil    lo  tlie 

ikin  to   prcitect  it   from    irritation,  and   to   render  it  .^otter  and  laore 

A^tir,  and  ihiis  hear  tlir  Kume  relation  tn  the  skin  as  the  demulcents 

mucous  membranes.     Their  etfeet  in  rendering  the  skin  soiter 

more  pliable   may  be  doe   in    part   to   tlieir  penetnition   into  the 

•^  layers,    but   may  also   1k»  explained   by  the  ^li^ht  eongestion 

at.Juoed  by  the  rubljing  and  massage  used  in  their  applieation. 

The  ohler  emollients    were   ehleHy  animal   and   vegetable   flits  and 
oilit,  Imt  K»veral  new^r  drugs  of  this  class  are  derived  from  petroleum, 
effects  of  these  drugs  when  applied  to  the  skin  are  purely  local. 
>  doubt  some  small  pereentage  is  absarlied   into  the  tissues,  but  this 
Qu  known  effect  in  man,  arid  altliough  the  fats  :ind  oils  arc  vaht- 
fumls  when   taken  internally,  this  plays  no  part  in  their  effects 
I  applied  to  the  skin*     It  has  Wn  proijosed,  it  is  true,  to  admin- 
•  oils  by  the  skin  in  cases  of  inanition  in  which  they  arc  not  borne 
'the  stomach   and    intestine,   but   no  very  satisfaetory  results   have 

.  reeonled  from  this  very  hdjurieuis  method  of  treatment. 
The  emollient   preparations  promote  the  absorption  of  drugs  dis- 
iwlved  in  them,  because  tliey  mix  readily  with  the  tlrin  layer  of  oily 
ttbioeails  matter  which  covers  the  epithelium.     The  active  substances 
r&iolved  in  them  therefore  wnie  into  intimate  «)ntact  with  the  absorb- 
c»lU   lining  tlie   ducts  of  the  glands,  while  watery  solutions  are 
inled  from  the  lining  cells  by  a  layer  of  sebum*     If  this  layer  be 
Dived  off  by  alcohol,  watery  .sedtilions  are  also  absorbed  rapidly, 
aholic  solutions  are  absorbed  as  qnickly  as  oily  solutions,  be- 
the  alcohol   is   miseible  with   the  sebum.     On   the  other  hand 
fdlutions  in  water  come  into  more  intimate  contact  with  the  cells  of  the 
fcucrias  membranes  and  with  the  subeutancous  tissues,  and  are  there- 
by more   readily  absorbed    l>y  tliese  than  oily  solutions.     To  ensure 
'^pid  absorption,  a  drug  should  be  dissolve*]  in  some  emollient  if  it  is 
^0  lie  absorbed   by   the   skin,   in   water  wlien  it  is  to  be  administered 
tttaally  or  h)^po<lermically.     Solutions  in  oil  of  such  antiseptics  as 
irlx»lic  acid  are  much  less  powerful  than  those  in  water,  Ix^cause  car- 
>licacid  l>eing  more  soluble  in  oil  fails  to  diffuse  into  the  watery  proto- 
fhsm  of  the   microl^e,  for  which  it  has  less  affinity.     (See  Antiseptics 
f>niie  Benzol  Series.)     But  antiseptias  which  are  more  soluble  in  water 
e»n  in  oils  are  said  to  be  ef|ually  active  in  both  solvents. 
The  emollients  are  applied  as  protectives  in  abrasions,  cnts,  bruises, 
appeil  hands,  luu'ns  ;  they  are  less  often  used  alone  in  extensive  skin 
»i  but  are  usually  prescribed  in  these  as  the  basis  of  ointments 
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in  which  other  remedies  are  incor|K>rated.     There  is  no  question 
the  protection  afforded    to   the  part  and  the  exclusion  of  the  air  I 
the  oily  eniollieiU  phiys  an  important  part  in  the  action  of  these  ren 
dies,  and   it  seems  probable  that   in  many  cases  equally  good  resiF 
would    follow    the  application   of   the   emollient  v^-ithoiit  any  acts 
ingredient. 

Peepaiiatigns. 


!^     AflfiBS-n'.  S.  ?.,  B,  r.),  Uird  ;  the  prepared  mfernal  fat  of  the  abdon 

of^tht'  pji;,  purified  by  washing  in  wat*»r,  melting  and  *^trainiiig. 
-w     Adqut  ^mnifir^"''  {V.  8.  r/),  Adepft  Brnztfatits  (B.  P.),  benzoinated  lar 
prepared  from  lard  by  the  addition  of  l>eazQiri,  which  is  slightly  aiitis 
and  preservers  it  from  beeoming  runei*L 

rxGLrESTUM  (U,  8.  P/),  ointment,  is  a  mixture  of  lard  and  yellow 
It  Va;^  formerly  known  as  Ungiieutum  Simplex,  and  is  the  basis  of 
other  ointaients. 

Vngu^fum  Diitehtffon  (U*  S.  P.)  ii*  formed  from  lead  pla&ter  and  olive  oil; 
perfumed  with  oil  of  lavender.  The  lead  \ii  inert,  the  action  being  identieal 
with  that  of  iirdinary  ointment. 

USGUKN'TUM  AgLT.^  Kos.K  (U.  S.  P, ,  B.  P.),  cold  cream,  is  formed  of  sp«r^ 

maceti,  white  wax,  oil  of  almonds,  and  j^ome  borax,  scented  with  rose  water. 

Bgvnm  (U.  S.  P.),  Sevum  Prasparatum  (B.  P.),  muttoa  Autt,  is  obtained, 

from  the  abdominal  lat  of  the  sheep. 

Ij4ird  and  suet  have  the  ordinary  eonstituents  of  animal  fat«,  stearin, 
mitia  and  olein.  They  are  seldom  used  alone,  bnt  form  the  basis  of  nain^ 
0U8  ointments.  The.se  animal  fats  tend  to  putrefy,  and  are  then  rendered 
irritant  by  the  pre^enee  of  free  acidn  (rancidity),  and  have  therefore  TH*en 
replaced  to  a  considerable  extent  of  late  vearB  by  other  preparations  which 
do  not  suffer  from  this  drawback* 

Adeps  Lanae  HvdroaiiB  (U.  S.  P.,  B.  P*),  hydrous  wool-fat,  lanolin, 
p u n n cf i  fat  o  1  sli c e p- w o (d ,  mixed  with  nol  more  than  30  per  cenfT^f  wat<^ 
Ailfpi^  Lfime  (B.  P.),  wool-fat  without  water. 

Lanoliu  ba.^  been  used  extensively  in  mediciue  only  in  the  last  few  yead 
It  consists  of  cholesterin  cstej's  with  s^mie  impurities,  does  not  become  ] 
Old,  and  differs  from  the  older  fats  also  in  being  miseible  in  twice  its  wei^ 
of  water  without  losing  its  ointment  consi??teney.     Ij^molin  is  very  often  used 
as  an  emoJlient  application,  as  well  ius  to  fcirm  a  Viasis  for  more  active  di'Ugs, 
Other  prepariitioDs  of  wool -fats  are  known  as  lanichol  and  alapurin. 
■p^  Petrolates  or  Paraffins.     When  the  more  volatile  constituents  of  iietroleum 
are  distilled  ott',  there  "remain  a  numher  of  higher  hydrocarlKins,  ehieily  of 
the  marsh  gas  series,  which  are  used  in  medicine  as  emollients.     The  lower 
of  these  bydrocarlwns  are  Huid  at  ordinary  temperatures  and  are  known  as 
Pefrofatttm  Liquidum  (U.  B.   P.),  Faraffinum  Liqiudum  (B.  P.),  a  colorless, 
oily  transparent  liquid  witbout  odor  or  ta^^te.     When  these  are  removed 
there  remains 
"     Petrolatvm  mqll|:  (IT.  S.  P.),  PARAFFiNrM  MOLLE  (B.  P.),  soPfc  pctro- 
late,  va~selin»  wliieh  has  the  consistency  of  an  ointment,  is  yellow  or  white 
in  color,  and  is  liijueiied  a  few  degrees  ahove  the  tem|jeniture  of  the  blood. 
When  the  distilhitiun  is  carried  further;  tiie  residue  is  solid  at  ordinary'  tem- 
peratures, and  is  known  as 

Petrolaiym  Spwsinn  (U.  H.  P.),  Paraffinum  Difram  (B.  P.)^  or  hard  paraffin, 
whieh  melts  at  a  sonu*what  higher  temperature  than  vaselin. 

Unguent  urn  I\traffini  (B.  P.)  is  a  mixture  of  three  parts  of  hard  paraffin 
with  seven  parts  of  vaselin. 

By  mixing  the  petrolates  a  salve  of  any  desired  consistency  may  be  ob* 
tained,  Soft  jietrolate  is  often  known  as  petrolatum,  as  it  is  much  more 
expensively  used  than  tbe  othei's.  It  is  used  as  an  emollient,  and  as  a  Ikisis 
for  ointmeuls  and  bas  the  advantage  over  the  older  lard  and  suet  that  It 
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Ijftot  become  mncid.     Liquid  vaselin  has  been  iisfd  to  dissolve  irritant 

ncce  for  subcutaneous  injection,  iis  much  less  pain  is  caused  when  they 

olvecl  in  vaseltti  than  when  water  Is  u^ed.     Kobierunski '  bus  shown 

ibi  vik*eliu  rubbed  into  the  skin  is  absorbt^d  to  some  extent^  and  may  be 

from  the  miiscles  tind  to  a  less  extent  from  other  organs.     Rabbiis 

mnd  some  of  ibera  died  under  the  conthuied  application  of  vaselin, 

imay  have  been  due  to  the  manipulation  and  not  to  the  drug  itself, 

ft]  Qila  are  also  used  as  emollients. 

(yirn'  <XT.  8.  P.,  B.  P.)i  olive  oil,  a  fixed  oil  obtained  from  the  ripe 
.  Olea  enroptea. 
.  a  .  S.  P,,  B,  P.)^  Linseed  or  Flaxseed  oil. 
\  AmygdaUt  ErpretiSitm  (U.  8.  P.),    Oleum  AmyfjdaUe  (B.   P*),  a  fixed 
lopreastiKl  from  bitter  or  sweet  aUuonds.     It  is  to  be  distinguished  from 
( volhiilt?  oil  obtained  from  the  hitter  almonds.     The  fixed  oil  contains  no 

uc  iicid. 
^XmmStMami  (U.  S.  P.),  8esarae  oil,  Teel  oil,  Benne  oil.  ^ 

OtAm  Ga9itjfpii  Seminis  (U   8.  P.),  Cotton-seed  oil.  ™ 

^n  A^ipisiV.  S.  P.),  oil  of  lard. 

Th»e  all  resemble  each  other  in  their  coraposition^  and  may  be  used  as 
«Dls.  Olive  oil  i**  generally  preferred  to  the  others^  but  is  much  more 
ave,  and  it  is  probable  that  much  of  the  so-called  olive  oil  is  really 
I  (*otton-seed  oil,  Olive  oil  has  been  advised  as  a  chola^ogue,  but  has 
t  shown  by  rnore  exact  methods  of  research  t^  ha%e  no  eUect  whatever 
« Ule  secretion  of  the  bile.  It  sometimes  gives  relief  in  biliary  colic  huw- 
frer,  in  eflfi/ct  which  may  perhaps  be  due  to  its  acting  as  a  demuiceut  in  the 
draiJeDum^  and  thus  lessening  the  irritation  of  the  gall  duct.     It  is  adtnin-  ' 

irtwfd  in  large  doses  for  this  purpose — 100-150  c.c.  (3-5  fi.  oz,)  in  24  hours. 
CtuFlaya  (U.  S.  P..  B.  P.),  yt-llow  wax. 
Cmi  Alba  (U,  S.   P,,   B.   P.),  while  wax   prepared   from  the  yellow  by 

Citaceum  (F-  S.  P.,  B.  P.),  spermaceti,  obtained  from  the  cacbelot  (Phys- 
ctcrB&crocephalus),  one  of  the  whales. 

These  three  preparutions  are  not  used  alone,  but  are  often  added  to  the 
*»oilieiii8  and  ointments  in  order  to  give  them  a  firmer  consistency,  which 
iefperially  desirable  in  hot  climates  and  in  summer. 

Qm^  (U.  S.  P.)  a  mixture  of  ;i  parts  of  wax  with  7  of  lard. 

tWttm  Ceiacei  (U.  B  P.),  Unguentum  Ottwei  (B,  P.),  is  a  mixture  of  white 
^inaod  spermaceti  and  olive  or  almond  oil. 

Gl^pKHiyiTM  (V,  S,  P.,  B.  P.),  Glycerin,  a  liquid  obtained  by  the  decom-  Jf  /l^^d 
PWOQ  of  animal  or  vegetable  fats  or  fixed  oils,  and  containing  not  less  than 
•5  per  cent,  of  absolute  glycerin,  CjHj(OH)^;  clear,  colorless,  of  a  syrupy 
c^KMigteuce,  oily  to  the  touch,  with  a  sweet  taste  and  no  odor,  soluble  in 
»»*«rwjd  alcohol. 

^'jfcm'tum  Amtfli  (F.  S.  P.),  Oli^cerinian  Amyli  (B.  P.),  glyccrite  of  starch. 

ffljctritum  Vitclli  (U.  S.  P.),  glyconiu,  glycerite  of  yolk  of  eggs,  may  be 
►  B*!<l  as  ft  protective^  but  is  more  largely  ]>rcscribed  to  form  emulsions. 

*^lyc«nn  is  used  as  a  solvent  for  a  number  of  other  drugs,  the  prepara- 
[  tioojbeiiig  known  as  glycerileH  (U.  B.  P,)>  gftfcerines  {B.  P.). 

Glvcfrij^  is  somewhat  irritant  to  the  unbroken  skint  when  it  is  ap- 

jpl'^i  in  the  pure  form,  and  even  diluted  glycerin  caoses  pain  and 

llmjuting  when  it  is  applied  to  unprotected  surfaces  such  as  cuts  or 

•rns,  but  the  pain  soon  disappears,  and  glycerin  then  acts  as  a  pro- 

'tive.     The  irritation  is  due  to  the  glycerin  abstracting  the  fluids  of 

oes  owing  to  its  avidity  for  water.     (Hycerin  and  its  prepara- 

ased  very  extensively  as  applications  to  slight  wounds^  in  ir- 
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ritation  of  the  skin  and  lips  from  exposure  to  cold,  and  in  similar  con-^ 
ditioiis.     They  are  often  up  plied  ta  hard,  dry  erusts  on   the  skin  in 
order  to  soften  them  iiiul  peroiit  of  tlieir  reajovah 

The  irritant  aetioo  id"  glyeerhi  causes  peristalsis  and  evacuation  of 
the  bowels  when  small  cpiantitit^s  are  injected  into  the  rectum.  The 
glyeerin  is  saitJ  to  pa>ss  upwards  from  the  anus  to  the  sigmoid  flexure 
or  even  further,  and  to  increase  the  j^>eiistalsis  of  the  greater  part  of 
the  large  intestine  from  its  contaet  with  t!ie  epithelial  walls.  It  is 
very  probable,  however,  that  the  loeal  irritation  of  the  lower  part  of 
the  reetnoi  is  sufficient  to  set  up  reflex  movement  of  the  bowel.  8niall 
quantities  of  glycerin  injected  into  the  reetum  do  not  cause  iliarrhcen; 
the  stool  is  of  ahno^At  ortliuary  consisteney,  and  no  pain  or  colic  is  felt 
subsequently,  nor  docs  the  remedy  cause  more  than  one  evacuation. 
Glycerin  may  l>e  injected  into  the  reetum  for  this  purpose  (dose  2—5  c.c*, 
J— 1  tcaspoonful),  but  a  more  convenient  form  is  the  glycerin  supposi- 
tories, SuppoBitoria  Grlycerini,  which  are  made  up  with  stearic  acid 
and  sodium  ctarlnjuate,  U*  S,  P.,  with  gelatin,  li.  P.  Tliese  su]qMjsitones 
are  fouiKl  not  to  keep  well,  as  the  glycerin  tends  to  attract  moisture 
and  then  escapes  ;  to  avoid  tliis  they  are  oil  en  encased  in  paraffin,  which 
19  broken  off  immediately  befi>re  they  are  inserted.  Glycerin  sup- 
jKjsitories  are  used  in  constipation  instead  of  the  ordinary  aperients, 
and  they  have  also  Ix^en  advised  in  [yarturition  to  increase  the  pains. 
Large  doses  of  glycerin  taken  internally  sometimes  cause  purgation, 
but  it  is  not  a  reliable  remedy  when  administered  in  this  way. 

Glycerin  in  large  quantities  is  poisoiiuus  wbetlier  it  is  taken  l*y  ihe  mouth 
or  injected  hyiKwlermicully  or  intravenously.  It  is  true  that  no  case  of 
glycerin  poisoning  in  man  is  knoAvn,  Init  large  doacs  are  fatal  to  animals  in 
the  course  of  a  few  hours.  The  chief  symptoms  are  ret^tlessness^  agitation* 
acceleration  of  the  heart  and  respiration,  general  weakness^  tremor  and 
con%'ulsions^  which  liimlly  end  in  somnolence,  conui,  and  death  from  fliilure 
of  tlie  re^pinition.  The  convulsions  are  marked  only  after  large  doses, 
when  they  may  assume  a  tetanic  churacter.  A  rise  in  the  temperature  has 
hcen  noted  l)y  several  observers,  followed  hy  a  fall  which  continues  until 
death.  When  glyeerin  is  injected  sulieutaneously  in  large  quant  it  iei?, 
hiemoglohin  appears  in  the  urine^  while  this  is  rarer  when  it  is  given  hy  the 
mouth,  and  scareely  ever  appears  atYer  intravenous  injection.  This  is  ob- 
viously due  to  the  destruction  of  the  red  blood  cells^  hnt  glycerin  added  to 
the  drawn  blood  iloes  not  act  so  strongly  on  it  as  uiiuiy  other  bodies  which 
cause  no  hiemoglobinurta.  Filehne  explains  the  appeamnce  of  luemnglobin 
in  the  urine  after  the  subcutaneous  injection  of  glyeerin  by  suppuslng  ihat 
the  glyeerin  remains  outside  the  vessels  for  some  time,  and  withdraws  the 
lliiid  from  the  red  cells  as  they  pass  through  the  poisoned  Kone.  As  the  cells 
return  inh>  the  larger  vessels,  they  take  up  fluid  again  and  give  off 
hicmoglobin.  On  the  other  hand,  when  glycerin  is  injected  into  the  blood, 
it  difFiiscs  rapidly  all  over  the  body^  and  the  blood  cells  are  less  aete<l  on  by 
the  diluted  poistm  and  do  not  alk*mately  shrink  and  swell  in  size.  He 
supports  his  explanation  by  an  ingenioU8  experiment,  in  which  the  blood 
cells  were  tirst  shrunk  hy  glyeerrn  and  then  allowed  to  return  to  ihe  eireu- 
hit  ion  ;  in  this  Avay  he  was  able  to  induce  bieinogiubinnria  hy  the  inimvenoua 
injectirai  of  glyeeriru  In  addition  to  its  action  on  the  blood  eel  Is,  glyeerin 
apparently  acts  directly  on  the  central  nervous  system,  as  is  shown  by  the 
violent  convulsions.     Glomerulonephritis  has  also  been  observed  in  animals. 
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atlborbed  rapidly  from  the  iatt'slitie,  and  undergoei*  comhiLstion 

'  ll»it(»,  o»dy  a  vcr>'  s^uiall  fmetion  tif  it  re4iji|ituiniig  in  Iht?  urine. 

'  "oe  a  reducing  subs  til  nee.  in  the  urine  alter  the  ingeiitiou 

1ms  uot  been  coutirmed  on  more  enreful  investigation, 

ii  Uie  fuct  that  glycerin  is  oxidized  in  the  tissues  that  it  must 

V  with  energy  and  act  in  stime  sense  us  a  food.     This  18  of 

chiefly  because,  the  ordniary  fat^  being  conipounds  of  glycerin^  a 

rvitjLm  Amount  must  be  coutaiued  in  the  food,  hut  it  is  also  of  tiome  theiu- 

l*ntn'  iiijporUfince,  because  glycerin  has  been  advised  as  a  foo*l  in  inanition, 

sn.j  \^%H  *-veu   been  said  to  rival  cod-liA^er  oil.     In  respect  to  its  value  a^s  a 

nn  resembles  ordinary  alcohol,  being  readily  absorbed,  and  un- 

ocreasing  the  total  energy'  of  the  body.     Btit  it  is  still  undecided 

ir  it  leads  to  an  economy  of  the  nitrogenous  tissues,  i\s  the  fatis  and 

i^ydratee  do.     lU  combustion  savei*  a  certain  amount  of  the  fat  of  the 

».iy  from  being  destroyed,  but  glycerin  tends  to  increase  ttie  non-nitrogen- 

t  J'   ^nd  not  the  nitrogenous  reserve  of  the  Ijody,  and  is  therefore  of  only 

importance  as  a  food,  although,  like  alcohol ^  it  may  be  of  value 

tin  conditions. 

.  .     ;jii  U:\<  \}een  said  to  have  some  effect  on  the  sugar  formation  in  the 

1-1,-.      In  M>ine  forms  of  experimental  glycosuria,  apparently  less  sugar  is 

M   urine  if  glycerin  be  administered,  and  in  a  certain  number  of 

irt  tes  in  the  human  subject,  some  improvement  is  said  to  have 

lader   glycerin   treatment.     No  satisfactory  explanation  of  this 

irt^eo  offered.     Quite  apart  from  its  supposed  action  on  dial>ete8, 

M  been  used  as  a  suV>stiiut<'  for  sugar  in  this  disease^  but  iia  place 

iken  of  late  years  by  saccharin. 

;  has  l)eei»  shown  to  pos^sess  some  virtue  a,s  an  antiseptic,  probably 
MuJrawing  water  from  the  microbes,  but  like  the  oils  (page  48)  it 
"  I*'  solvent  for  many  antiseptics  than  water. 
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Wg  with  the  eraoUient^,  or  oily  proteetives,  may  h«  mentioned 
toiitWr  class  of  mechaiiicxil  agents,  the  Dusting  Powders.  Any  dry, 
wlable,  fine  powder  applieil  to  irritated  surfaces  of  the  skin,  or 
Lsions,  will  protect  tliese  from  the  air,  and  from  contact  with 
-  and  other  sources  of  pressure.  These  powders,  at  the  siime 
Ltia*«,soak  up  any  secretions,  and  render  the  injured  s{K>t  le.^vs  liable  to 
ftrifll  in  feet  ion  y  a^  tliey  form  a  more  or  K^8s  ini  perinea  hie  crust. 
Ponders  used  for  this  purpose  sliould  not  he  al>s*irl)exi,  or,  if  al)sorb- 
iW**»  .•ilinuld  not  iotUjce  any  toxic  efTeet.*^.  Those  mo.st  commonly  eui- 
pWwl  are  the  phosphate  and  earlMinate  of  lime,  tale  (maj^ne.sinni 
filioite),  fuller^a  earth  and  kaolin  (aluniiuum  .silicates),  ."Starch,  and 
r^jpTMliura  (U.S.  P.),  which  consists  of  the  spores  of  Lyeopodium 
^vaturo  (club  moss). 
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A  large  iiumhor  of  powders  are  us^^cl  as  surgiail  drcssiogs,  most  of 
tliem  being  ercditcd  witli  more  or  lei^s  antiseplie  power.  In  many  in- 
stanees,  liowever,  their  antL^eptie  artioii  is  so  slight  tliat  it  would  ap- 
pear that  most  of  tlicir  virtues  are  due  to  their  luechanieal  proj^MiTties, 
and  not  to  their  bacterieidal  action. 


HL  SUGARS  AND  FLAVORING  SUBSTANCES. 

Sugars  are  used  in  medicine  ehieHy  to  disguise  preparations  of  iiJi-_ 
jileasant  taste,  and  in  the  small  *piantities  usually  eniploveti  have  little 
further  etfeet.  In  large  quantities  sugars,  like  other  diffusible  bodies*, 
act  as  irritants  to  the  stomacli  and  bowel,  jind  eomparatively  small 
quantities  of  some  sugar  substanees  possess  an  aperient  action.  Thus 
molasses  and  imperfectly  refined  sugar  have  some  reputation  in  do- 
mestic medicine  as  ai>erientSj  and  honey,  manna,  Cassia  fistula,  and 
several  fruits  are  included  as  mild  laxatives  in  tlie  pluirniacopceias. 
They  are  scarcely  prescribed  alone  in  medicine,  but  are  uschI  to  give 
bulk  to  i>repa rat  ions  of  the  stronger  purgatives,  such  as  senna.  Their 
aperient  action  seems  to  I>e  due  to  their  colloid  fbrm.aB  pure  sugar  has 
no  sueh  effect »  and  it  is  possible  that  they  merely  delay  the  absorption 
of  fluidj  and  thus  cause  softer  evacuations  than  would  otherwise  occur. 

Preparations, 

Saccliaruni  (U.  S.  P.),  Sacctanim  Purificatum  (B.  P.),  cane  sugar. 

Syrupi's  {V,  S,  P.,  B,  P.),  a  tuiK't-ntnUnl  !<olutii»n  of  sugar.  Syrup  is  the 
ba.si$4  of  a  Uu'ge  number  of  medieiitt-d  syruim  of  the  phariuucopteuis.  Sugar 
and  syrup  are  used  exclusively  toswcetcTi  uiixture^s  and  to  aid  in  the  suspen- 
sion of  iiit^oluhle  hollies.  lu  place  of  oniiruiry  syrup  miuiy  of  the  flavored  prep- 
arations may  he  used,  sueh  iis  syruj*  of  citric  aeid^  of  aeada,  of  almonds,  elc. 

Saccharam  Lactis  ( U.  S.  R,  B.  P.),  sugar  of  milk,  laetose,  is  not  so  sweet 
as  ordinary  sugar,  and  is  much  less  liahlt*  to  deliquesce,  so  that  it  is  used 
largely  to  give  liidk  to  powdern.  It  has  heen  stiid  to  have  diuretic  properties 
when  given  with  large  quantities  of  water,  and  to  cause  purgation  when 
given  in  a  more  eoiicentratetl  solution.  Asses*  milk  contains  more  lactose 
than  cows'  milk^  and  has  been  reeorameuded  for  its  alight  aperient  action  in  , 
chronic  constipation. 

Mel,  honey,  and  Mel  Despumahim  (IT.  S,  P.),  Met  Deptirtdum  (B.  P.)^  or 
clarilied  honey,  are  used  to  give  taste  to  mixtures,  and  have  a  verj'  slight 
ai>erient  action,  so  that  they  may  be  advised  as  articles  of  diet  in  habitual 
C4>nsli|iiititm,  Some  medic^ited  honeys  are  used,  of  which  Mel  Il4}»if  is  in- 
cluded iu  the  U.  S.  P. ,  Mei  Bunicw  in  the  B.  P. 

Oxtjmd  (B.  P.)  b  a  mixture  of  honey  and  acetic  aeiil.     Dose,  1-2  fl,  drs. 

Spntputt  (fittcoHi  (B.  P.),  a  mixture  of  liqnid  glucose  and  syrup. 

Rilbua  IdaBUS  (U.  S.  P.),  Kaspherry  fruity  is  ysed  to  forai  the  Symptis  Rnbi 
Idtei  (U,  S.  P/),  which  is  used  as  a  Havorin^'  agent.  ItiLspherry  contains 
only  a  small  quantity  of  sugar  in  proportion  to  its  acid,  hut  the  taste  of  the 
latter  is  concealed  hy  the  presence  of  large  quantities  of  colloid* 

Manna  {U.  B,  P.),  a  saccharine  exudation  of  Fraxinus  ornns  (Flowering 
Ash),  contains  ahout  o0-75  per  cent,  of  nmnnite,  C^jH^fOH)^,  a  hexatomic 
alcohol  of  sweetish^  sugary  taste.  It  has  slight  aperient  properties  when 
taken  in  large  quantities. 

Cassia  Fistula  (U.  8,  P,),  purging  Ctissia,  the  fruit  of  Caj^isia  fistula. 

The  pulp^  Oasslae  Piilpa  (B.  P.)^  eontaius  conmderable  quantities  of  sugar. 
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Tftmarindus  (U,  8.  P.,  B.  R),  tamarinds  ;  Ficus  (U.  S.  P.,  B.  \\\  figs  ; 
Pnmiim  i  U.  8  P»^  B.  P/)^  pnines,  all  contain  siitxar  in  coiisiderablt*  (jiiatitity. 

These  are  ii^ed  as  mild  aperients  and  tlavuring  agents,  generally  in  eombi- 
iiAlion  with  more  powerful  remedies.  Thus  njanna  is  used  in  Infusym 
8eDn»  Co*  (U.  S.  P.),  and  the  others  form  ingredienlii  of  ConfecUo 
SetmiP,  They  are  not  prescribed  alone,  but  the  fruit^i  may  be  advised  as 
arii't*^  f«f  diet  where  a  mild  laxative  is  required.  The  tamarind  pulp  may 
0  erient  action  in  part  to  the  presence  of  tartrates,  citrates^  malates 

%i.  .    ,,,-  i  cathartic  salts*     (See  Saline  Cathartics.) 

Frequently  other  flavors  are  prefcrretl  to  sugar,  which  is  especially 
disliked  in  fever  cases,  as  sweet  fluids  do  not  quench  tlie  thirst  so  oflect- 
tmlly  as  acids  and  bitters.  Many  of  the  preparations  of  the  volatile 
oik  and  some  of  the  demulcents  are  used  almost  exclusively  as  flavor- 
tog  agcotfi,  and  in  Bome  both  sugar  and  volatile  oil  arc  combined,  as  in 
tbes^'fups, 

IiBtead  of  sugar  some  artificial  compounds  have  been  introduced  of 

CO 
late  fears*     Olusidum  (B.  P.)  or  Saccharii^^  C5H^<^^  >XH,  and  its 

iSO  NFI  * 

aodttim  aalt,  CjH^<p.^y.Y^*^'*  soluble  saccharinj  are  the  best  known 

of  these.     Saccharin  is  a  light,  white,  crystalline  powder,  soluble  in 

4'    "  '        '.r  and  in  25  part;*  of  alcohol.      It  is  about  500  times 

J  sr,  and  gives  a  distinct  flavor  to   70,000  times  its 

wt*i|rht  of  water.  Dulcin,  another  ji'^^^J^tic  compound,  is  said  to  be 
even  »weeter  than  sacclmrin.  None  of  these  taste  exactly  like  sugar, 
however,  there  l>eiiig  a  distinct  flavor  besides  that  of  sweetness,  and 
pattcTi  rally  object  to  them  after  a  short  time.     They  have  been 

Died  .  itutes  for  sugar  in  diabetes,  a  disease  in  which  sugar  is  to 

be  aroidt**!  as  far  as  possible*  Artificial  tligestioo  with  saliva,  gastric 
juke,  or  diastase  is  said  to  l>e  hindered  somewhat  by  saccharin/  while 
the  aoliibte  saccharin  delays  the  proteolysis  of  the  gastric  juice  only  ; 
and  it  is  said  that  the  prolonged  use  of  tliese  l^mlies  ot\cu  leatls  to  di- 
gesli%*e  dijiiirders.-  Like  the  other  derivatives  of  benzol  saccharin  ha!> 
some  antiseptic  action  and  tends  to  lessen  the  putrefaction  of  the  in- 
lemiial  contents*  Even  very  large  tloses  of  saccliarin  may  be  iniected 
intfa  veil  oils  ly  in  animals  without  otlicr  effect  than  some  depression  and 
aliipir» 

Some  pharmacopoeial  preparations  are  destined  to  give  color  to  sohitions, 
b«t  sktv  «*lcli>m  or  never  prcftoril>etl,  although  tht*y  are  sometimes  aJded  hy 
the  phArmaei^C. 

Caecvs  (U,  B   P.,  B.  P.),  cochineal,  the  dried  female  of  Coccus  Cacti. 

nmttura  ( Wci  (B.  P.), 

CrocQfl  {V  S.  R,  B.  P.),  saffVon. 

Tineturi  Creci  {\\  a  P,,  B.   P.). 

Saataliiin  Bubnim  (U.  8.  P.),  Pt^rocarpi  Lignuni  (B*  P.),  red  sanders, 
aaODd^ra  or  ^iidal  wood. 

UflMdot  Petala  (B.  P.),  the  fresh  petals  of  Fapaver  RhGeas,  red  poppy. 

B§rmfm  MhttadoB  (B.  R),  ^1  iL  dr. 

I^py  pelab  contain  none  of  the  alkaloids  of  opimn* 

*/I«rpfer,  Arch.  f.  ex  p.  Path.  u.  Pharm.,  xxxv»,  p.  306. 
*Bonutein^  Zeitachr  t  kliiL  MihL,  xl,  p.  208. 
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IV.     SIMPLE  BITTERS. 

This  group  inchides  a  Duiober  of  substauces  which  have  little  in 
common  i^xcept  their  bitter  ta^te  and  their  eomjmrative  inactivity  in 
the  Ixxly.  Several  alkaloid.s  may  he  iilaccd  in  it,  Bfrberhwy  Jhtxinf^ 
3IctmjH'nnijie  and  (janadine^  for,  although  thes^e  arc  jRjisonoiis  in  very 
large  q nan tiiieis,  they  are  harmless  in  tlio^ie  iu  wliich  ihey  are  eontaiiied 
in  the  j*rcparatioiJ8  oj^ed  in  tliera|*eutie8.  In  addiiu»n  lo  the.se  there 
may  Ijc  placed  in  it  numerous  neutral  bixlics,  jKJs,scs,sing  an  inteui^ely 
hitter  taste,  but  wiih  little  or  no  further  action,  such  nA  the  QuamUnSf 
Coiifmhitif  and  a  few  weak  acids  and  gliico.si<le>;. 

Pharmacological  Action. — ^These  sul>«tance!^^  or  rather  the  prepara- 
tions coutaiuiug  tliein,  are  largely  used  in  therapeutics  in  order  to  in* 
crease  the  ap|ietite,  and  their  administration  is  often  followed  hy  a  dis- 
tinct improvement  in  the  digestion  and  an  increase  in  weight. 

Alimentary  Tract.^ — The  exphuiation  of  these  etfects  is  still  obscure, 
althougli  a  large  nnmber  of  investigations  have  been  made  as  to  their 
etfects  in  the  stomach.  In  experiment?  with  artificial  digestion  the 
pure  principles  have  generally  been  found  witliout  inflnenr'e  on  the  ac- 
tivity uf  both  gastric  and  pancreatic  fluids,  the  irlight  variations  ob- 
ser ve<l  ly  i  n  g  within  the  limits  of  er ro  r  ;  a n  d  w  li  ere  a  ny  distinct  e  flPect 
has  l>een  oliservcd,  it  has  generally  been  a  retaixlation  of  the  process. 
The  ordinary  tlicrapentic  jrrepa  rat  ions,  on  the  other  hand,  generally 
delay  artificial  digestion,  owing  to  the  presence  of  tannic  acid  and  colloid 
substances.  The  bitterg  neither  destroy  nor  greatly  retard  the  growth 
of  bacteria  in  culture  mediae  and  most  of  thera  seem  to  be  without  ef- 
fect on  tlie  yeast  fermentation  of  sugar  solutions,  although  Vas  found 
that  i[itassiiu  retarded  it  somewhat.  The  absorption  from  the  storaach 
is  unchanged  by  the  presence  of  bitters. 

In  regard  t€  the  effect  of  the  bitters  on  the  secretion  of  the  stomach , 
Reich mann  states  that  In  man  the  bitters  taken  during  gastric  digestion 
do  not  aifect  the  secretion,  although  they  seem  to  retard  the  proteolysis. 
When  bitters  are  taken  on  an  empty  stoinach,  less  gastric  juice  is 
secreted  imine<liately  than  if  t!ie  same  amoiuit  of  w^ater  hafl  been  swal- 
lowedj  but  some  time  afterwards  a  very  active  secretion  occurs.  Reich- 
mann,  therefore,  advises  the  letters  in  cases  of  insul!icient  acidity  of  the 
gastric  jui<'c,  ttie  remedy  to  be  taken  half  an  hour  before  meals.  On 
the  other  hand,  in  hyperacidity  the  bitters  may  aggravate  the  condi- 
tion. This  statement  is  in  accordance  with  the  ohservations  of  Bokai, 
that  tlie  s<K!i'etory  cells  of  the  peptic  glands  present  the  histological 
appearances  of  activity  after  the  bitters  have  been  ingested. 

In  animal  experiments,  the  movements  of  the  stomach  are  said  to 
be  soraewdiat  angmentt^d  by  the  bitters,  and  poisonous  doses  of  several 
of  them  inci*ease  the  movements  of  botli  stomach  and  bowel,  and  cause 
considerable  hypcnemia.  But  it  is  nnkni>wn  whether  this  action  is 
common  to  all  the  bitters,  and  whether  the  small  quantities  use<l  in  ther- 
apeutics cause  any  increase  iu  the  blood  supply*  According  to  Reich- 
man  u,  the  movements  are  probably  somewhat  less  than  usual  in  man. 


SIMPLE  BITTERS. 


57 


PuM  ii)pnd  that  bitters  giv^cn  by  the  stamaoh  iiiercase  to  a  nmrfccd 
ItSH^Qt  the  leiic<:»cytes  in  the  blixid  of  the  do^,  and  this  may  jjuissibly  aid 
lii  the  absorption  of  the  food.  Kamm  has  sliown  that  this  hohls  true 
rmin,  tttid  adds  that  the  red  blood  cells  are  also  aogniciited.  The 
rions  of  the  jianereas  and  the  bile  are  unaffected  by  the  liitters. 
ilbemcruth  the  bitters  caase  a  reflex  flow  of  saliva,  and  it  has  been 
sted  that  this  may  in  |>art  explain  their  therapeiitie  eflect.  Large 
Qllrics  lire  said  to  cause  a  burning  sensation  in  the  cesopliagos  and 

The  whole  literature  on  the  action  of  the  bitters  is  full  of  contradio- 
$f  which  is  jK?rhaps  to  be  explained  by  the  fact  that  comjiaratively 
fcv investigators  have  examined  their  effect  in  human  digestion,  and 
mny  have  eooteoted  thentselves  with  the  results  of  intravenous  injec- 
in  animals.  The  most  pnjbable  explanation  is  that  of  Reiehraann, 
;  the  gastric  se<.'retioa  is  increased.  It  may  be  suggested  here  that 
>t  involve  a  direct  action  on  the  secretiiry  epitheliimi,  for 
lid  his  pupils  have  shown  tliat  the  chief  factor  that  deter- 
iniij«  the  activity  of  the  gastric  secretory*  cells  is  the  otlor  and  taste  of 
'  food.  In  dc^  with  gastric  fistulffij  in  which  the  footl  swallowed 
!  aot  pass  into  the  stomach  but  escaped  thn^ugh  a  wound  in  the 
igus,  the  taste  and  odor  of  food  cau!HHl  a  profuse  reflex  secret  iun 
trie  juice,  while  several  other  substaocos  fed  them  failed  to  have 
m  «ueh  effect.  It  is  quite  possible  that  bitter  tastes  may  cause  this 
feflex  fieenetion  in  man,  and  not  in  the  dog,  and  that  the  whole  effect 
Mj  he  explained  by  the  one  property  eomntoo  to  all  these  drugs — 
Wr  bitter  taste.  In  addition,  it  is  to  l)e  rem  em  Ix^  red  that  the  im- 
ement  is  largely  subjectiv^e,  and  that  the  bitters  are  capable  of 
WHlucing  a  considerable  impression  upon  patients,  so  that  the  effects 
'  (doe  in  port  to  sugg^tion  and  not  to  any  real  action  of  the  drug. 

after  Absorption. ^In  very  large  quantities  some  of  ihe  bitters 
ppwjoi*  efTiNjU  that  are  obvioa-^ly  due  to  their  absorption.  These  have 
itlidoai  been  ob?^'r\  t^  in  man^  but  have  been  studied  in  animal  experimenlOw 
tinif  ConipKirdon  states  that  in  many  individuaUO.12  G.  of  qu€umin  pr<.»duee0 
t»olng  in  the  throat  and  stomach,  discomfort,  headache,  noasea,  and 
VQVilttng.  In  llies  and  other  insects  it  has  a  narcotic  action,  Caiumbin  and 
«*wtii  were  found  by  Kohler  to  increase  the  bhiod  prefigure  by  stimnlation 
of  He  vaftomotor  centre  when  they  were  injcx-t^l  intravenously.  Ha  mm 
tttUtt  that  the  intravenous  injection  of  cetrarin  causes  irritation  of  the 
itMikiclk  and  tK>wel,  purging  and  vomiting,  and  general  paralysiii  of  the 
cnttil  nervous  sj^em,  which  i»  preceded  by  con\TiJsiong  in  mammab.  He 
^1  not  f>bser\  e  any  inrrea^^  in  the  blood  pressure.  Both  the  glnco^dea  of 
^t^d^ramifa  produce  in  dogs  ataxia  and  loes  of  coordination,  with  increafled 
BoTHDent,  and  eventually  con\n]l8ioiiis,  and  death  follows  in  12-72  hours  or 
^ger.  The  brain  seems  the  part  chiefly  aifected  in  mammals,  although  the 
'wx  excitability  of  the  Sjjinal  cord  is  also  augmented  in  the  frog  (Jukna)> 
Bwkig  po!^ses8es  con!*ideral>ie  anttiieptic  power,  and  prevents  the  movement 
<^l«ieocyte8  and  of  the  lower  organisms  in  the  ^aroe  way  a«  quintne.  I^rge 
^•»  often  cause  vomiting,  confusion,  giddiness  and  tremor,  with  dtarrtK^ 
n»4(>pi,  hftr  nre  s*ometimes  without  effect.  Arigiohrhine,  which  b«P  hueil 
fcond  I   <?pecies  of  Ari^olochia.  and  probably  occum  in  dieaflkM 

•spwi.  lucea  in  rabbits  acute   necrotic  nephrilw,  with  - 
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and  ura^mic  syinploms.  In  clo^  it  caH«?8  a  very  marked  falJ  of  blood  pres- 
i?ure,  and  hemorrhages  in  the  intesliiiiil  mucous  ruembrane^  but  no  nephritis. 
The  poisonous  action  of  aristolochine  in  very  similar  to,  but  much  more 
powerful  than  that  of  aloia  (Puhl).  Lttpitttnie  acid  obtained  from  hops, 
when  injecteii  as  a  neutral  «iU  into  the  blood,  causes  firbt  stimulation  and 
then  paralysis  of  the  medullary  centres,  but  htu^  very  little  effect  when  jdven 
by  the  stomach  even  in  large  doses  (Hreser),  In  beer  an  oxidized  product 
of  Itipiillnic  acid  occurs,  which  has  no  etf'eet  even  when  injected  into  the 
blood.  Berberine  is  a  very  widely  distributed  alkaloid  of  the  p^Tidiue  series 
(C^H^NOJ,  anrl  when  administered  in  very  large  i^uautttici!*  per  os,  causes 
diarrh(£a,  and  occasionally  vomitings  tremor^  acceleration  of  the  pulse  and 
respiration  and  general  weakness,  from  whicli  the  animal  recovers  only 
slowly.  Its  BulK'Utaneous  or  intravenous  injection  is  followed  by  the  same 
symptoms,  but  paralysis  of  the  hind  extremities,  convulsioni?^,  and  asphyxia 
from  failure  of  the  resi>imtory  centre  may  occur  when  it  is  administered  in 
this  way,  while  the  largest  quantities  are  not  fatal  when  exhibited  hy  the 
stomach.  The  acceleration  of  the  pulse  seems  due  to  paralysis  of  the  inbibi- 
tory  terminations  in  the  heart,  and  is  accompanied  by  a  fall  of  blood  pres- 
sure from  the  etlects  of  the  alkabjid  on  the  vasomotor  centre  and  on  the 
heiirt  directly.  Berberine  has  been  credited  with  causing  contraction  of  the 
uterus  and  of  the  spleen,  but  this  is  disputed.  It  hits  also  been  said  to 
resemble  fiuinine  in  its  etlects  on  bacteria  and  on  the  leucocytes,  but  only  in 
very  strong  solution.  Berljerine  seems  to  be  excreted  in  part  by  the  kidney 
unchanged,  and  is  said  to  cause  nephritis  in  large  doses. 

The  cotoiti  of  Coto  bark,  and  the  puraeotoin  and  other  const itlients  of 
Paracoto  bark  were  found  l)y  Albertoni  to  cause  diUitation  of  the  intestinal 
vessels  when  they  were  injected  intravenously  or  perfused  through  the  mes- 
enteric vessels.     Paracotoin  is  much  weaker  than  cotoin. 

Orejrine  ((*  H,^N%),  an  artitlcial  base,  seems  to  staud  midway  between  the 
peppers  and  the  btitei^  in  its  action,  as  it  is  somewhat  more  irritating  than 
mo-it  of  the  latter.  Injected  into  the  frog  it  induces  pamlysis,  which  is  ap- 
parently of  f*eni>heral  origin,  and  its  subcutaneous  application  in  mammals 
is  followed  by  tremor,  tonic  and  clonic  convulsions,  dyspntpa,  acceleration 
of  the  heart  and  vomiting.  It  hiis  some  antiseptic  action,  and  tend*  to  form 
methitmuglohin  when  mixed  with  the  blood.  No  symptoms  have  tieen  ob- 
served from  its  use  in  man.  except  increased  appetite  and  augmentation  of 
the  gastric  secretion,  and  in  a  few  cases  a  feeling  of  heat  in  the  throat  and 
some  nausea. 

PREPARATIOXS, 

HentJAT^  (17,  s.  P.),  GentianaB  Radix  (B.  P.),  gentian,  the  x^nt  nf  aontl- 
aiiJi-iuijqii  contains  a  glucoside,  geiitif  picrin,  a  neutral  body,  gentisiu,  and 
a  trace  of  tannic  acid. 

ExTRACTUM  Gentians  (TT.  8.  p..  B,  P.),  0.1-0.5  G.  (2-10  grs.). 

hJxiraclumUeniianm  Ffttidum  (V.  8.  P.),  0,5^2  c.c.  (10-30  mins.), 

'Ij ^^^^^TPRsrvTXjr^-T^ poau a  (U.  H.  P.,  B.  PO,  containing  gentian, 
^'^^^^'^  orange  peel,  and  cardamom,  2- Hi  c  c.  (1-4  tl.  drs.). 

Infu8um  G'entjame  ChmitoHittttti  (B  P.),  containing  gentian,  bitter  orange 
peel,  a'  ""-     '    '  ■    '■ — 


and  fresh  lemon  peel7  i-1  tl. 
la^saia  (U.  8.  P),  Quasslae  Lignttm  (B.  P.),  the  wood  of  Picr«ena  excelsa, 
contains  several  neutral  bitter  substances,   resembling  each  other   closely 
chemically  and  known  m  quassiins. 

ExTRACTiM  QvAi^iM  (U,  g.  P.),  0.05-0.2  G,  (t-3  grs.). 

EjctmHym  Qufissife  Fhtidum  (\\  S.  P.),  0.5-2  c.c.  (5-^30  mins.). 

TiNCTURA  QUAS6I.E  (U.  S.  P.,  B.  P,),  1-4  c.c.  (15-00  mine.). 

Liqiu^r  Quwrna  Concmlratus  (B.  P.),  4-1  fl,  dr. 

iNFiTsrM  QuAsgLc  (B.  p;j,  «_i  n   oz 

Calumba  (U.  S.  Pj,  Calumb©  Eadix  (B.  P.),  columbo,  the  root  of  Jateor- 
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'*  ■'"   T  '"rimUi,  or  Columba,  cuntuiiis  columbin,  i\   iieutrul    body,  t'oUimbic 
thi-  rtlkaloui  berberine, 
*,,.,.,.i„/rt  CiUurtUtte  Fiuidum  (U,  8,  P*),  1-2  c.c,  (15-30  niiusj. 
TiscTru„\  Cali  MB  K  (U.  S.  P,,  B.  P,)^  4^15  c,c,  (1-4  tl.  dr»;). 
iitfHj$»tm  fUiumbtr  {H.  P.)»  j-1  M,  o/.. 
Liquor  Oaiumbat  Coiiccntratus  (B.  P»),  }-l  !!.  dr. 

'!'»*'-*•  a  (U.  8,  P.,  B,  P,)t  Chiretta,  the  pluDt  Swertia  chimtii.,  contains  a 
ehiratiii.  suul  oithelic  acid. 

-T  fltirtUte  Fluiditm  (l\  S.  P.),  0.3-1  c.c.  (5-15  raina.). 
n..  ratit  (U.  S.  P.,  B,  P.),  2-8  c.c-  (U2  fl.  drs,), 

Lt*fi>'n  ^  ...iiUit  fAmrentratuH  {U,  P.).  J-^1  fl.  dr. 
Mn/tuntm  i^hiratit  (B.  P.),  }-l  H.  oz, 

Timzmcum  (U.  s.  P.),  Taraxaci  Radix  (B.  P.),  the  rwit  of  the  dandelion, 
Tnnixiictiui  odk'inale,  contains  two  neutral  bitt^^r  substances— t^iruxacin  and 


»«i  Tarojaci  {V,  S.  P.,  B.  P.)i  O.S-l  G,  (5-15  pn*.). 
...t...W4«iii   riirojcaeri  Fiuidum  (U.  8.  P.)^  Liquidum  (B,  P,),  4-12  c.c,  (1-S 
ft,  df^). 

^i^eeus  Tararaci  (B.  P.),  1-2  fl.  dro. 

Vluraiim  (U.  a  P.),  Pareirie  Eadix  iB,  P.).  the  root  of  Chondrodendron 
f*-" '■  ♦   -^Mm,  contains  an  alkaloid,  biixine. 

m  Parririf^ Fluidttm\V. 8.  P.),  LiqttidumiB.  P.),  2-S c.c.(l-2 E.  drs.). 
.t^.....i.*dnilTllll  (l^  8.  p.),  tht?  rhiicomc  and  roots  of  MeniRpermiim  ca.na- 
b  It'      >r]b>w  parilla  or  Canadian  moonseed)^  contains  berberine  and  meni- 
al MtTtigpermi  Fiuidum  (l\  S,  P.),  2— t  c,c» 
.  Kv;.taria  (U.  S.  P.),  Serpentariae  Ehizoma  (B,  P.),  snake  root,  the  rhi- 
jind  root%  of  Arlstolocbia  sirpcntarm  and  of  Aristolochia  reticulata, 
"-  :t  volatile  oil,  an  unknown  bitter  principle^  nTid  pcrhap.s  an  alka 
"t|iK*hin©. 
'   ^"'-^xtanir  Fiuidum  (U.  S.  P.),  1-2  c.c. 

trUr  (IT.  a  P.,  B.  P.),  2-8  c,c.  (J-l  fl.  dr.). 
.r  nmrenimtu»  (B.  P.),  *-2  fl.  dr«. 
; T    r  iB,  p.),  ^-l  fl.  o/. 
.-  a     S.  r.  >,  Lupulus  (H.  P,),  hoi>s,  the  strobiles  of  Humulus  lupu- 
unptllizi,  a  glanduhir  powder  s€]ia rated  from  hopt?,  contain  a  volatile 
.    .*    ...v,r  neutral  snlistanee,  lupulin,  Inpulinic  tvcid,  and  resins. 
7'rtrlMfvj  Humtili  (U,  a.  P.),  4-8  c.c.  (1-2  fl.  drs.). 
Fl^tmctam  Lupulini  Ftuidttm  (U.  8.  P.),  2-^  c.c.  (J-2  11.  drs.) 
4MrorrMiiM  LupuHni  (U.  S.  P.),  0.1-0.3  G.  (2-5  grs.). 
LMp*iUHum  (B.  P.),  2-5  ^rs, 
ii^ai«WR  Z.if/jn/i  (B.  P.),  1-2  fl.  oz. 
n««-fwm  /.ri;ji//;(B.  P.),  A-1  tl  dr. 

OasiMUia  Cortex  (B.  P.),  An^astnra  hark,  the  dried  Imrk  of  t'uMparia  feb- 
^r^ir^.  "'♦ritaiiis  four  or  more  alkaloids,  cusparine,  cuspariiline,  gulipine,  and 
k:  ,  ulong  with  u  volatile  oil  and  a  neutral  bitter  stuff. 

'   '-^Hjnjr{B.  P.),  1-2  H.  ox. 
L*  (riit  (.hrwenlmttis  (B.  P.).  J-1  ll.  dr. 

Mr  .  >  .^*^  Oorbex»  Bebeem  hark,  b  nut  plmrinacopaMal,  but  is  ot^caslon- 
a'  .  I-  i  in  thenipeutics.  It  contains  an  alkaloid  which  is  now  known  to  \h' 
h  V  1  1^1  It  which  has  lR*en  called  belx'rine,  biberine,  or  bebeerinc  hitherto. 
B  .     I        r  l>elienne  snlphuto  is  prepared  from  it. 

Cun  iurajigOi  the  b«irk  of  tJonolobus  c«*ndurango,  contains  two  gtucosides 

t>'         I    ir  properties,  and  has  iK'en  used  a  K'K"^  *^l*^'iil  of  lute  yean*  as  a  stom* 

•  r.     It  >vas  formerly  erediteil  with  a  spetitic  action  on  epithelioma. 

c  acidf  or  cctnirin,  is  obtained  from  Iceland  moss  (see  page  47),  and 

<H>>inincnded  ana  bitter  in  doses uf  about  0.1  G.  (2  grs.).  in  tablets, 

.rk,  who^e  origin  is  still  doubtf\i1,  contains  cotoin  (CVjUisOfi),  and 
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hsiB  been  used  to  form  a  fluid  extract.     Dose,  0.S-L5  c.e^  (5-20  mins.] 
Cotoin  has  been  pre^criWd  in  the  dose  of  0  03-0.2 O,  (J-3  grs.), 

Orexine  Hydrochlorate,  CnM^NiC-iHiiCrjHfiHCl,  is  a  colorless,  ciystallixij 
body,  soluble  in  about  15  imrtsof  water,  with  a  bitter,  somewhat  pungent 
taJBte.     It  ii*  prescribed  in  powder  or  tablets.     Dose,  0.3  G.  (5  }sx^). 

Bael  fruit,  or  Bengal  ciuince,  was  formerly  eontained  in  the  B.  P.,  but  ha 
been  omitted  in  the  la^t  edition.     Very  little  is  known  legaixling  its  aetioml 
or  principles,  hut  it  may  perhaps  have  some  effect  a^  a  bitter. 

Many  other  bitter  stoniachics  might  l»e  euunierated,  sorae  of  wlii 
have  been  used  hirgely  in  former  times,  hut  as  they  are  all  identical  ii 
their  effects,  it  seems  unnecessary  to  do  so. 

Ini^tead  of  the  simple  bitters,  cinchona  and  nux  vomica  preparations 
are  often  usefl  in  small  quantitief^.  ilany  of  the  preparations  which 
will  be  enumerated  under  the  volatile  oil  series  owe  much  of  their 
effect  to  the  bitter  which  aceiim panics  the  %*olatile  oil,  and  in  outuerous 
other  pharmacoiKcial  preparations  bitters  arc  present,  altliongb  their 
effect  is  Iiiddea  by  the  action  of  the  drug  in  other  directions. 

Therapeutic  Uses.— ^Thc  hittc^rs  are  used  chiefly  to  incr€*ase  the  ap 
tite  and  the  digestion.  In  cunvaleseents,  in  persons  of  seilenta 
habits,  and  occasionally  in  chronic  dyspeptic  conditions  they  are  o^ 
value,  while  in  cases  of  more  acute  gastric  irritaljility  they  may  do 
harm  rather  than  good.  Gentian,  (Quassia,  Calnmba  and  Chirat£i_ar? 
the  only  simple  bitters  that  arc  largely  usetl,  and  the  first  is  much  the 
most  im]>iTrtaut,  They  arc  generally  prescribed  as  tinctures,  fluid  ex- 
tracts or  othur  fluid  prejiaratioos.  The  three  last  may  l>e  prescribed 
with  iron  preparations,  as  they  contain  little  or  no  tannic  acid  and 
thus  cause  no  precipitate.  Pills  are  sometimes  prescribed  with  extract 
of  gentian  or  quassia,  but  it  seems  open  to  question  whether  these  in- 
gi-eilients  have  really  any  effect  when  given  in  this  form.  Compound 
tincture  of  gentian  is  sometimes  used  to  give  flavor  rather  than  for  any 
effect  ou  tlie  digestion. 

Quussia  infusion  (ten  per  cent)  is  injected  as  an  enema  in  the  round 
worms  of  children. 

Several  of  the  drugs  mentioned,  aucli  as  tamxacum  and  gentian^  have  been 
supposed  to  have  a  specilie  action  on  the  liver,  hut  there  are  no  sufficient 
grounds  fxir  this  belief.  The  supposed  virtues  of  pareim  aa  a  diuretic  and 
of  berberine,  bnxine,  and  other  alkaloids  as  substitutes  for  quinine  in  ma- 
laria have  ako  proved  to  have  no  foundation,  and  the  popular  reputation  of 
hop*;  a«  a  narcotic  probably  arises  from  its  ass4:>eiation  with  alcohol  in  beer. 
Cotoin  and  Coto  bavk  are  said  Ui  have  some  special  effect  in  lessening  diar- 
rhcea,  in  addition  to  their  action  as  bitters. 
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V.    VOLATILE  OIL  SERIES. 

ITie  groap  of  volatile,  ethereal,  or  essential  oils  contains  a  large 

I ttunker  of  preparations  in  the  pharmaeo|iri?ias  of  all  countries.     These 

wis  arc  obtaineJ  from  plants  by  distillation^  or  more  rarely  by  pres- 

[fOfe,  and  must  be  dit?t!nguislied  by  the  student  from  the  fatty  or  fixed 

jiLs  which  are  uon-vobitile.     Tlie  volatile  or  ethereal  oik  are  found 

iiefly  in  the  fniits  and  flowering  parts  of  plants,  and  are  ver}'  widely 

throutjh  the  vegetable   kiugdam,  thouj^h  some  orders^  8ueh  a^ 

abiat^,  Uuibelljfene,  AurantiaceiCj  C'ruoifene,  and  Comfene  are 

Ijmmloent  in  their  productron.     They  are  all  strongly  rxlorous,  and 

therefore  used  in  perfumery,  and  to  conceal  nauseous  odors  and 

in  medicine.     Their  compOi^itioD   is  extremely  variable.     The 

nest    constituents    arc    Terpenes^  and   some   oils   eontaixt   these 

rhile  in  a  few  oils  no  ter|>ene  has  been  found  (Attar  of  Roses), 

lerpenes   are    hydrocarbons   of    the   aromatic   series/    and    poese^ 

ceneral   formula  (C^Hj^)^.     The  great  majority  of  them,  or  the 

proper  (Cj^Hj^),  are  oorabt nations  of  a  dihydrobenzol  with 

tipyl  and    methyl  (C^H/Hj)^'^!!-^!^^).     Some  twelve  terpenes  of 

bi<  formula  are  known,  varjing  in  their  chemical  structure  and  in 

leir  rtereoraetrical  form.     Another  group  of  these  hydnxarbons  U 

by  the  Ses^fiiirrjjene^  (C\^Hj^),  while  a  few  Diterj^rnea  fC^H^ 

l%iiown.    Some  volatile  oils  consist  of  these  hydrocarbons  only,  but 

'  of  them  contain  in  addition  some  oxidized  aromatic  substances^ 

.JQch  aB  phenob,  ketones,  aldehydes,  acids  and  compounds  of  th<^e. 

(any  of  these  oxidized  products  crystallize  out  when  the  volatile  oil 

sofK)]ed  sufficiently,  and  especially  on  lon^  standing,  and  the  re.sulting 

lf4'«l  i^  known  as  a  Sfrftropteney  while  the  fluid  remaining  is  sometimes 

ftlld  E/rroptntf^,     Tlie  oils  containing  oxygen  are  not  so  volatile  as  the 

uri*  hvdrocarl>oos,  but  the  odor  is  often  due  chiefly  to  the  oxidized 

utetarlct-s.     A  very  few  oils  contain  nitrogenous  bodies,  generally  ill 

» fi»rm  of  cvaniiles,  while  on  the  other  hand,  the  majority  of  the  vola- 

Bk  oils  of  the  Cruciferse  contain  sulphur  bodies,  which  lend  them  a 

r{ttogeQt,  disagreeable  odor,  quite  different  from  that  of  the  other  oiln, 

•Of  bte  f»rt  teversl  oiidiMd  prodocU  hare  been  taabted  ffom  the  ^<^^^^9^ 

'H  hdcmr  not  to  the  Aromatic  but  U>  the  fauy  ten&,  mad  (nm  tbcue  hrdiwafboo* 

»»♦  bra)  formed  r«cmWifig  the  teipcocB  closely  in  Kcnerml,  bat  diSmag  from  tbam  in 

r  10  the  fclty  aeri<a.     No  *'f«ll»  twpcne ''£•»»  yet  been  ahowii  looocnr  m 

^^t^Tf,  but  the  pTe»»ice  of  these  oiidind  form  raidtn  their 
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The  volatile  oils  are  generally  clear,  colorless  fluids,  although  some 
of  them  are  green  from  the  presence  of  siniill  quantities  of  vegetable 
ci^vloring  matter,  while  otliers  are  blue  in  color  Irom  the  presence  of  a 
tcrpt>ne  derivative  (aztilcne).  After  long  ktn^ping  they  often  acquire 
a  yellowish  color  and  an  aei<l  reaction^  from  the  formation  of  resins. 
They  are  generally  light,  sparkling  fluids,  but  the  oils  of  copaiva  and 
cnbebs  are  more  viscid.  They  are  insoluble  in  water  except  in  veiy 
isjnall  amount^  whieh,  however,  is  enough  to  lend  their  characteristic 
odor  to  the  solution  ;  in  stmiig  alcohol,  ether,  benzol,  ehloroform,  and 
lixi'tl  oils,  titey  tire  freely  soluble. 

Many  of  tiie  jilants  from  wliieh  the  volatile  oils  are  obtained  {xjssess 
other  active  constituents,  such  as  bitters,  and  as  many  of  the  prepara- 
tions used  in  therapeutics  arc  formed,  not  from  the  distilled  oils,  but 
from  the  crude  parts  of  plants,  it  must  be  noted  that  the  oil  is  not  the 
only  active  princiide  in  them.  A  series  containing  mendvers  which 
differ  so  widely  chemically,  and  which  in  tiict  have  otdy  their  volatility 
and  their  aromatic  nucleus  in  common,  could  not  be  expected  to  have 
a  uniform  action  in  the  animal  organism.  It  is  found,  however,  that 
they  resemlde  eaeh  otlier  in  their  tlierapeutic  properties,  because  they 
are  ust-d  almof?t  solely  fur  their  h>cal  action,  and  that  in  only  small 
([uantitios.  Some  of  the  volatile  oil  preparations  which  are  employed 
h>r  their  general  effects,  will  Ijc  discussed  later.     (See  Campljor.) 

Action  Externally.— The  volatile  oils  all  possess  antisejitic  jvropertics, 
which  tire  dtnd)tless  due  in  part  to  their  volatility  enabling  them  to 
penetnite  readily  into  protoplasm  mid  to  lessen  its  vilalily  by  acting 
as  foreign  btKlies.  In  atldition,  they  are  nearly  related  to  the  benzol 
rn'ries,  the  members  of  which  are  all  antiseptics  and  pmtoplasm  poisons. 
They  differ  a  good  deal  in  their  germicidal  pow^r,  and  are  much  more 
jHiisonous  to  the  moulds  than  to  the  l)acteria.  The  most  active  oils 
are  those  containing  a  large  amount  of  terpene,  such  as  the  oil  of  tur- 
}>entiue. 

Their  volatility  may  also  explain  their  irritant  action  in  part,  for 
most  other  vr>kitile  substances  are  more  rtr  less  irritant,  !rut  here  again 
tlicir  relation  to  the  phenols  and  benzol  cannot  lie  ignored*  Applied 
to  the  skin,  they  cause  redness,  itching  and  warmth,  owing  to  a  local 
dilation  of  tlie  vessels,  wliich  may  be  due  to  the  penetration  of  the  oil 
to  the  cut^meous  arterioles  or  veins,  or  to  a  reflex  from  the  irritated 
terinijiations  of  the  sensory  nerves  acting  on  the  vasomotor  centres. 

When  painted  on  the  raucous  membranes,  sitch  as  those  of  the  eye 
or  nose,  or  on  wounds,  the  volatile  oils  cause  similar  irritation,  which 
is  betrayed  by  reduess  and  congestion,  pain  and  smarting. 

Action  on  the  Alimentary  Canal — Strong  st>lutions  of  the  oils  act 
as  irritants  in  the  moiitlu  They  have  generally  a  hot,  burning  taste, 
and  if  kept  in  the  mouth,  cause  redness  and  irritation  of  the  mucous 
membranes,  although  some  of  them  induce  a  sense  of  coolness  at  flrst. 
At  the  same  time  the  organs  of  smell  are  affected  by  these  oils,  which 
are  almost  all  j>ossessed  of  characteristic  orlors.  The  irritation  of  the 
mouth  leads  to  a  reflex  secretion  of  saliva,  whirh  is  often  very  profuse. 
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Qiigcptie  aelion  of  the  oib  is  exercised  in  the  mouth  as  elsewherei 
■/  hive  a  benetiehil  effect  in  some  eonditious. 
Odpttsiiig  into  the  stomach,  the  oils  cause  the  same  sensation  of  1 
nth  TO  fhat  organ,  and  this  is  aceompanted  by  a  sense  of  well-l 
fort,  the  appetite  is  often  ineri^jsed,  i^nd  any  feeling  of 

' '    '    '^  iieved.     This  is  often  attended  by  the  eruo- 

Substanocs  wliich  produce  these  effects  in 
cb  itre  kuuwa  ti^  canmnaUc€S^  and  many  explanations  of  their 
!ive  been  offered,  Tbeoils  undoubtedly  act  as  antiseptics  here 
l^nrfaere^  and  may  hinder  the  development  of  yeasts  and  other 
a*i  and  thus  be  of  benefit,  but  this  would  not  give  the  imme- 
I  &i?ling  of  relief  which  is  often  experienced  after  a  small  quantity 
m  remedies.  The  process  of  digestion  seems  to  be  rather  re- 
tian  accelerated  by  the  presence  of  the  oils,  as  far  as  can  be 
i  by  test-tube  experiments  and  by  some  measurements  made  by 
rim  on  the  digestion  of  animals  with  gastric  fistulae.  The  secre- 
rrf  the  gastric  glands  has  been  said  to  be  increased  by  the  direct 
itfm  of  the  volatile  oils,  but  this  has  been  disputed.  But  it  must 
I  be  forgotten  that  the  most  powerful  stimulant  to  gastric  secretion 
\  the  stncll  and  taste  of  food,  and  that  substances  of  agreeable  taste 
'  cause  a  marked  iocrease  in  the  gastric  juice  by  reflexes  from 
i  ttod  iM^e.  An  argument  for  the  direct  action  of  the  volatile 
Too  the  secretory  glands  has  been  drawn  fit>m  the  observation  that, 
ipplia]  t4)  tbe  frog*s  skin^  they  induce  a  profuse  local  secretion,  but  this 
iiiavcdy  sufficient  basis  for  an  explanation.  The  eructation  of  gas 
4VtaUy  suggests  that  the  volatile  oils  accelerate  the  movements  of  the 
Mlid^Sod  this  has  been  repeatedly  confirrae<l  by  the  direct  observa- 
tioii  of  tbe  stomach  vi-alls.  Brandl  has  also  sho^-n  recently  that  al>sorp- 
irs  much  mo^  rapidly  from  the  stomach  in  the  presence  of 
-itants,  such  as  the  volatile  oils.  Final ly  it  must  be  added  that 
Mof  the  beDeficial  effects  are  purely  subjective  ;  the  patient  has  a 
J  of  wannth  and  comfort  in  the  region  of  the  stomach,  arising 
(i\m  the  slight  irritation  and  consequent  hypersemia  of  the  muoous 
ftae,  but  this  does  not  necessarily  indicate  any  marked  altera- 
\  the  processes  of  digestion  or  in  the  movements  of  the  stomach. 
Sfliilar  effects  are  believed  to  be  produced  in  the  intestine,  for  the 
idmini^tratJOQ  of  these  oils  is  often  followed  by  an  improvement  in  its 
ooodHtoD,  manifested  by  lessened  flatulence  and  distention,  and  relief  is 
fi^en  by  their  use  in  some  forms  of  colic.  The  antiseptic  action  may 
|*hj  a  part  in  these  effects,  ScanzonTand  Famsteiner  have  recently 
A>wii  thai  the  intestine,  like  the  stomach,  absorbs  more  rapidly  in  the 
f  of  small  quantities  of  the  oils.  The  pancreatic  hecretion  waa 
1  to  be  increased  by  their  irritant  action  in  the  stomach,  through 
"ing  both  centripetallyand  centrifugally  along  the  vagus 
j,  but  Schirokikh  ak^rt^  that  this  is  true  only  when 
(]uaatitit«s  pnnluce  very  marked  gastric  irritation.  Whether  the 
JtJC  movements  of  the  bowel  are  increased  by  the  volatile  oila 
fqafte  Qoknown.     It  is  believed,  however,  that  their  administration 
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lessens  the  pain  and  gripiti;^  praJucfd  by  some  of  the  more  powerfuf 
])iirgiitive.s,  uiiJ  several  phur[iiaeo[)ieiaI  pre  pa  rat  ions  are  formed  on  tllk- 
theory,  whiL-h  is  fiiippurted  by  many  yeiifia  of  clinical  experience, 

A  c*insiileralde  increase  in  tlie  leueoeytes  of  the  blooil  follows  their 
ingestion  by  the  month,  but  this^  18  observed  in  congestion  of  liie 
stomach  and  intestine  from  other  causes  and  is  not  induced  by  the  sub- 
cutaneous or  intravenous  injection  of  the  volatile  oils,  so  that  it  cannot 
be  regarded  Jis  a  specific  e  fleet.  Win  tern  itz  found  that  irritation  of 
the  |>leura  causes  less  purulent  exudate  in  animals  treatetl  witli  some 
volatile  oils  than  in  controls  which  were  not  treated  in  any  way,  and 
concludes  that  the  presence  of  the  oils  in  the  blood  lessens  the  exudate 
and  also  promotes  its  absorption;  he  is  inclined  to  regard  this  anti- 
phlogistic action  as  a  result  of  the  leucocytosis  and  of  a  supposed  attrac- 
tion exercised  on  the  lencocytes  by  the  oils,  which  prevents  their  wander- 
ing into  the  tissues. 

Bzcretion.  ~  Like  other  l_>odies  of  the  aromatic  series,  they  tend  to 
undergo  a  partial  oxidation  in  the  body;  thus  the  terjjenes  {C,,,H,J 
become  terpenols  (Cj^^H,.OH),  and  several  deri%^ativcs  of  the  terpeues 
have  been  shown  to  undergo  a  similar  change  of  a  hydrogen  atom  to 
hydroxyl,  while  others  which  contain  the  -OH  group  originally,  remain 
unaltered.  The  odor  of  the  original  oil  or  of  these  derivatives  may  often 
be  detected  in  the  breath,  showing  tliat  a  small  part  is  excreted  by  tlie 
lungs,  and  possil>ly  tnices  may  Ije  eliminated  l>y  the  skin.  Some  also 
escapes  by  tlie  kidney  nncond)ined  and  imparts  an  odor  to  tlie  urine 
either  of  tlie  original  oil  or  of  some  oxygen  derivative;  for  instance?, 
<n\  of  eucalyptus  or  of  turpentine  give  the  urine  a  violet  odor.  But 
much  of  the  hydroxyl  prmluct  is  combined  with  glycuronic  acid  and 
e-scaj^>es  in  the  urine  in  this  form,  while  some  mny  combine  to  form 
conjugate  sulphates.  The  glycuronic  acid  reduces  Fch ling's  solution, 
especially  when  the  urine  is  previously  boiled  with  acid,  so  that  the 
volatile  oils  were  tormerly  credited  with  inducing  glycosuria.  Some 
of  the  constituents  of  the  oils  are  oxidized  to  acids  and  excreted  in  the 
urine  as  salts. 

In  the  course  of  excretion,  some  of  the  oils  cause  irritation  of  the 
Imigs  and  kidneys,  so  that  some  of  them  are  employed  to  increase  the 
bronchial  secretion,  while  others  have  a  distinct  diuretic  action.  This 
irritant  action  is  of  course  not  confined  to  the  tissue,  but  extends  to 
microbial  guests,  so  that  the  volatile  oils  have  Ix^n  given  internally 
with  the  intention  of  destroying  or  refcartling  the  grovith  of  bacteria  in 
the  lungs,  and  some  of  them  are  used  almost  exclusively  for  their  anti- 
septic action  in  the  urine. 

Poisoning. — The  various  oils  differ  a  good  deal  in  their  activity^ 
while  resembling  each  other  closely  in  the  general  characters  of  their 
effects.  All  of  tliem  may  produce  marked  irritation  of  the  stomach 
and  bowel  when  given  in  large  (piuntities,  but  the  oils  of  tansy,  sage, 
and  English  peimy royal  are  distinguished  especially  by  \\w  violent  in- 
flammation they  cause,  and  by  the  frecjuency  with  which  fatal  [Toison- 
ing  occurs  from  their  use.     The  terpenes  appear  to  be  but  slightly 
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fEiKl  their  efltxjtsare  prolmbly  limited  U>  Uxuil  irritation  ;  the 
!  aromatic  substances  have  been  shown  to  be  t lie  jM>if*onoiis  con- 
UrtUFUfi^  in  ill  I  the  oils  hitberto  examined.  Tlie  sjvmjjtoms  are  those 
fici  ^\  intestinal,  and  often  renal  irritation — vomitin|^,  P^^'g" 

fH'         ^       1  in  the  abdtunen,  blood  in  the  stools  and  in  the  vouiited 
r,  collnpse^  wiiiknesij  of  the  puke  and   reJ=piration,  anuria^  or 
bumia  and  blood  in  the  urine,  and  convulsive  attacks  ending  in  coma 
pil  death.     Great  hyperemia  of  the  abdominal  organs,  often  blood  in 
^~    itoneal  cavity^  and  sometimes  acute  inflammation  of  the  kidney 
eliief  |K>st-mortcm  appearances*     The  hypersemia  and  conges- 
I  of  the  organf*  of  the  abdomen  may  cause  abortion  in  pregnancy,  or 
the  men&i'iH,  and  in  the  majority  of  cases  of  poisoning,  these 
ive  been  taken  with  the  object  of  inducing  aljortion.     In  many 
however,  the  drug  has  proved  fatal   without  this  end  being 


6tB6f%l  Action.^— The  small  qtiatit iiies  of  %o]atile  oils  administered  in  or- 
dinary medirinal  use  pasc<  through  the  ti^ues  without  nioilifying  them  per- 
Cifftibly^  their  onJy  ellects  arising  in  the  or^iuis  by  which  they  are  absorbed 
■aid  tzcreted.    In  hirge  quantities,  however,  some  of  them  (the  oils  of  worm* 
wood^  natmeg,  sage,  savine  among  others)  produce  symptoms  which  indi- 
tttiB  AD  affection  of  the  central  nervous  system  quite  apart  from  their  local 
The  latter  also  produces  nervous  effect*?  reflexly,  and  it  has  Ix^en 
exoc€Klingly  diflii-ult  to  distinguish  these  indirect  results  from  those 
I  by  the  direct  action  on  the  central  nervous  system.     A  good  deal  of 
ifivtigieDce  is  to  lie  found  in  the  statements  of  diflferent  %*Titer8  from  this  cause, 
iad  aIsm)  from  the  faet  that  comparatively  few  re^^earches  have  been  carried 
«ttt  with  pure  principles.     Many  of  the  oils  vary  in  their  constituents  accord- 
the  cUnrnte^  the  season  of  the  year,  and  other  conditions  under  which 
wasgrown^  and  some  of  the  confusion  may  arise  from  ditferencea 
oils  Ofted  by  investigators.     Almost  all  the  oils  hitherto  examined  cause 
n  and  final  paralysis  in  the  frog.    The  action  sc»enis  to  Ih?  mainly  on 
larger  quantities  h€*ing  re<iuired  to  paralyze  the  spinal  cord  than  to 
Mfcnt  ail  spontaneous  movc-ment^.     This  stage  of  depression  is  preceded 
bjObruf  excitement  after  oil  of  wormwood  and  some  others,     Some  of  the 
dh  jnnUyze  the  terminations  of  the  motor  ner\  es  in  voluntary  muscle  like 
acid  camphor. 
Id  mamnuiU  the  general  action  of  the  conatituents  of  the  volatile  oils  seems 
tavolve  a  preliminarj'  stimulation  and  subsequent  depression  of  the  nerv^e 
m\]^    The  relative  imf^irtan*  e  of  these  two  stages  ditTers  in  ditFerent  oils, 
•WW,^.  g.,  turpentine  oil,  causing  only  a  transient  excitement,  followed  by 
■rted  we^ikness  and  depression,  whik^  others,  such  as  the  oil  of  absinth, 
cn*f  very  marked  excitement  and  convulsions.     The  activity  of  the  oils 
•i  Bcn'oiis  jKiiisons  also  varies  greatly,  some   |*roflucing  only  insigniticant 
♦fctloa  the  central  nervous  system  compared  with  those  from  their  local 
*f^ti,  while  in  othei^,  snch  as  the  oil  of  absinth  or  wormwood,  the  symp- 
tom* frfitti  the  nervous  system  predominate  in  cases  of  |x>isoning.     Aa  a 
PWil  rale  the  higher  divisions  of  the  central  axis  are  atlccted  more  than 
thm  L.,.-,..       p^^.  ^^  ^Yie  oils,  save  aljsinthol,  cause  any  marked  increase  in 
,  whicii  are  also  comparatively  slightly  atlccted  during  the  stage 
on.     The  stimulation  of  the  brain  pauses  convulsions  of  different 
V  Jiich  the  epilei»tiform  fits,  seen  after  absinth,  have  been  examined 
fie  found  that,  while  the  action  on  the  cerebrum  was  mainly 
for  these  convulsions,  other  parts  of  the  central  nervous  system 
^^-^'  involved,  although  it  was  impossible  to  assign  to  each  ita  preciae 
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share  in  the  disturbance*  Some  of  the  oils,  e,  g,^  saffVol  and  nutmeg  oil^ 
prodiiee  tremors  siniiliir  to  those  deseribed  wider  caHjolic  acid,  and  pre- 
aumiibly  of  sirailiir  origin.  In  iniiny  rases  a  conihiiiation  of  exciteinent  aod 
atxixiu  is  observed,  the  anitiiul  moving  about  restlessly,  but  being  unable  to 
balance  itself.  Clonie  eonvnLsions  are  also  fihserved  among  tlieir  effects, 
probably  from  excessive  i^timulalioii  of  the  mid-hrnin.  In  the  later  stages  of 
poisoning  the  spoiitamnjiiH  movemenls  eetise^  while  the  excitation  of  thi* 
lower  centres  still  persisis^  and  wild  convulsive  movements  accompany  the 
final  arrest  of  the  respiration. 

The  viediifhtrt/  cenirt's  are  also  affected  ditferently  by  the  various  oils  and 
their  constitneats.  The  respiration  is  hnally  de]»ressed  by  all  of  them,  hut 
this  depression  is  oilea  preceded  by  stimnlaiiorr,  the  breathing  increasing 
both  m  rapidity  and  in  volume.  The  vasomotor  centre  undergues  similar 
ehange^s^  the  blood-pressnre  falling  from  some  oils  immediately,  from  others  | 
only  after  a  preliminary  incretise. 

The  heart  does  not  seem  to  be  affected  by  most  of  the  volatile  oils,  except 
indirectly.  In  cases  of  jjoisoning  the  collapse  and  shock  may  alt^er  the 
character  of  its  contractions,  Init  <lirect  eflects  on  the  cardiac  muscle  have 
not  been  siiown  to  be  pmduced  by  the  volatile  oils,  unless  when  enoniiouB 
quantities  are  injected  intravenously. 

Iletlter  and  Lindemann  have  recently  shown  that  swme  of  the  con.stituent« 
of  the  oils  cause  fatty  degeneration  of  various  organs,  especially  of  the  liver 
and  kidney,  while  others  of  very  similar  constitution  have  no  such  eHect. 

Large  quantities  of  the  volatile  oils  often  produce  a  considerable  fall  in  the 
temperature. 

Although  these  general  effects  of  the  volatile  oils  have  no  therapeutic  im- 
portance, the  frei|uent  occurrence  of  epilepsj'  and  insanity  m  habitual  ab- 
sinth drinkers  have  given  them  some  practical  interest. 

Different  oils  are  used  for  different  purjwses  in  therapeutics,  although 
they  all  resemble  eacli  other  in  most  respects,  and  it  is,  therefore,  cou- 
V  en  lent  to  divide  them  into  several  tberapeutie  classes.'  A  number 
of  tlie  lea^  irritant  memliers  are  used  ver}'  largely  as  flavoring  agents, 
for  their  carminative  effects  on  the  stonuu^h  ami  intestine,  more  rarely 
as  antiseptics,  and  as  expcetorants.  Anotlier  small  class  may  be  formed 
of  tBe  malodorous  oils,  a  third  of  those  used  as  geiiiti>-nrinary  disin- 
fectants, while  several  which  contain  a  large  proportion  of  terpenes  and 
are  too  irritant  to  be  employed  as  carminatives,  will  be  discussed  among 
the  skin  irritants. 

1,  TolatUe  Oils  ITsed  m  Flavoring  Agfents  and  CarminatiTes. 

As  regards  their  use  as  flavoring  agents  but  little  need  l>e  said,  one 
preparation  is  used  by^  one  physician,  another  by  another^  and  tfie  se- 
lection is  largely  a  matter  of  custom  and  taste.  The  orange  prepara- 
tions are  prolnilily  more  generally  appreciated  by  patients  than  any 
others.  Carminatives  are  used  only  when  no  marked  irritation  of  the 
stomach  or  intestine  is  present,  in  cases  where  the  gastric  juice  seems 
unable  to  cope  with  the  iixnl  ingested,  especially  in  per^ns  of  sedentary 
habits.  In  cases  of  a^»lic,  flatulence  and  abdominal  distention  they  are 
often  of  use,  provided  that  these  are  not  due  to  peritonitis  and  other 

'Two  small  and  unimportant  p:rtmp«  of  bodies  which  are  used  for  the  sjime  purposes 
as  some  of  thu  voLitile  oils  have  been  Inserknl  along  with  these. 
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Several  of  them  have  been  einploved  as  sur- 
'aotkeptics,  Dutably  thyuioK  but  its  iusolubility  in  H^ter  ha^^  pre- 
"*  fts  extensive  adoption ;  they  are  more  widely  used  a^  parasitic 
for  st:^hies,  pedicuH,  etc.     Some  of  the  oils,  such  as  oil  of  cloves, 
M^  uistry  to  relieve  pain,  and  also  for  their  antiseptic  action  ; 

r*  piiin  is  due  to  their  paralyzing  the  exposed  nerve  ends 

lAera  preliminan'  irritation.  Eucalyptujs  has  been  advised  in  septic 
and  in  malaria,  and  at  one  time  was  suppo^  to  be  a  spe- 
for  the  latter ;  it  improves  some  cases,  but  i^  not  reliable,  and 
prohibly  no  more  effect  than  others  of  the  series.  Its  use  as  an 
utterml  lemedy  in  septicsemia  is  apparently  no  more  successfnli  al- 
tlsQ^  it  stiU  enjoyg  some  reputation  in  these  cases.  Volatile  oil 
|Wfpamtkms  are  sometimes  given  internally  in  the  hope  that  in  their 
CKffCiao  thraugb  the  lungs  they  will  exercise  an  antiseptic  action  in 
fdmoamrr  disease,  but  the  traces  excreted  in  this  way  are  quite  incap- 
able of  any  noticeable  effect  on  microbial  growth  and  the  tubercle  bacil- 
Ins, igainst  which  these  measures  are  most  frequently  directed,  appears 
to  be  peculiarly  resistant  to  the  action  of  this  group  of  reme^lies, 
Tfcqr  in?  frequently  inhaled  with  a  similar  oV>ject.  Some  of  them  have 
hem  vmd  tm  anthelmintics  to  destroy  tapewonn  in  the  int^tine,  but 
dMTaie  Urn  eflScieut  than  some  other  remedies,  unless  given  in  quanti- 
lies  whtcb  are  liable  to  irritate  the  stomach  and  boweL  Externally 
wamt  of  tbrm  are  used  as  mild  skin  irritants,  generally  in  tlie  form  of 
i|ifil&  Arnica  has  a  great  popular  reputation  as  a  stimulating  local 
icnedy  in  bruiser  and  sprains,  although  it  has  no  sjiecific  action  and  is 
IB  no  way  prefenible  to  the  other  members  of  the  series. 

Tke  volatile  oils  are  important  constituents  of  many  of  the  popular 
&i|imrs,  SQch  as  Kumrael,  Maraschino,  Cara.9oa,  Chartreuse,  etc^and 
have  a  certain  dietetic  importance. 

Preparations. 

Cnde  JhngB, — ^Many  of  the  pharmacopcetal  prepamliona  are  whole  planta, 
Medi,  livves  or  flowers,  and  are  never  prescribed,  although  some  of  them 
«re  med  in  papular  medicine  in  the  form  of  infiistons  or  '*  teas.  '*  The  virtaes 
«f  tlfceae  old-fSijihioned  remedieic  lie  perhaps  more  in  the  larg^  drao^ls  of 
Vim  water  than  in  the  traces  of  volatile  oil  which  they  contain,  but  the 
p^tmct  of  the  latter  prevent,  to  some  extent.,  the  nausea  produced  by  warm 
valir  alone.  Tbe^  ininflions  are  used  to  induce  perspiration  in  fevens  or 
^IIK  MB  ^]  or  to  relieve  colic  and  gripinjr,  and  leenerally  oontaiJi 

*bo«»tahi  il  of  the  herb  to  one  or  iwo  cupfula  of  water.     Those 

n)cAt  frt^ueiiily  used  for  thi»  purpose  are  peppermint  and  spearmint  leaves 
AO^i  tof«  (Mmiha  Pipmta  and  Memiha   Jlridis,  U-  8.  P.);  Coriander  eeeda 
yiOmnndrum,  U.  &   P.~Cmiamdri  FhiehtM,  B.  P,)  ;  Chamomile  flowers  iAntker 
j:.  a  P.,  Anihemidi^  Fl^rt^^  B.   P.,  and  Matricaria,  U.  8.  P.);  Anise 
ijr,  8.   P.,  Anim  Frudut,  B.  P,,  the  fniit  of  Pimpinella  anii^um); 
•  ISi^itb^cm,  V,  B.  P.,  Sambud  Ffarea,  B.  P.);  Horebound  (Jfarrtt- 
^,  leaves  and  tops);  and  Balm  (leavea»  and  tops  of  Meiima  opci- 
a.  P.).     In  dilTereot  countries,  however,  the  oonslatuenU  of  the 
recipea  Tary  according  to  the  local  flora.     The  U,  8.  Pharmaeo- 
iftoegiiiaea  a  number  of  other  crude  dm^  of  thie  groop,  bat  as  these 
«fr  nldm  ixr  never  prcacnbed,  they  need  ooly  be  enumerated  here :  Bma 
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Ctmtifolia  and  liosa  Gaflica  (white  mnl  red  rosf*   petals),  EucaljQjtvt^  Limm 
Cortex  (lemon  peel),  Auninlii  Dulctn  ibrk-x^  AuranlH  Aman  Cortex  (»\\vt'i  am 
bitter  omnge   peel),   CanjnphylUi»  (elovei*),   Pimeala    {allspjee),    Cinnamomm 
(fiuniinum),  8im»afnt»  (sassiifnis  bark),  Ct/pripedititn  (lady's  slipper),  Illiciitm\ 
(star  anise),  Ffrnivulnm  ( fennel),  Vaniffa  (vanilla)j  Cardumomum  (mrdii 
Cttrtim  (fttiiiway),  ^dmti  (biilni)^  Mtfri^tUca  (Dutiiieg),  Ma<:h  (raare), 
turn  (tanj^y),   Hrdeonm  (pennyroyal),  Salvia  (sage),  Sabifia  (ravine),    i 
A  bni  n  th  i  u  m  { Wij  vm  ^'iR>t  1 ) ,  J  tli  u  m  ( \^i\  r  1  ie) ,  a  m  \  Zin  giber  (gi  i j ger ) ,     Th  e  Br i  li^ 
Pharinarupii4a  is  less  lavishly  supplied  with  these  little  used  crude  dnig?.. 
It  eon  tains,  in  addition  to  those  iii'st  meatifined  :   Rmfe  Gallicfr  Peiuin  (tvd 
i\i8e  petals)^  Limmm  tJurtex^  (lemon  peel),  Aurttniii  Cortex  Reeerui  niid  *Sier*itu* 
(fresh  and  dried  orange  iieelj^  Curtfophyitutn  (eloves),  Curui  Fructus  (c4ira\v*iy 
seeds) J  Fimenia  (alispieej,  Cifitiatnomi  Cortex  (einnamon  hark),  SfWttafniM  Uudu 
(sassiilras  rt»ol),  Fntiicttli  Fructug  (fennel  seeds),  Cardamomi  Snnina  (eardamom 
seeds) J  Mt/rlHiicti  (initujeg),  Arnicm  Khizoma  (arnica  rhizome),  Zingiber  (giu- 
ger),  and  Anethi  Frta-tti^  (dill). 

Bitter  Almonds  (Amygduta  Amara^  U.  8.  P.,  B.  P.)  may  be  mentioned 
here,  as,  aUhough  they  fontaiu  no  volatile  oil  in  themselves,  one  is  fortned 
from  them  when  they  are  hrnisc^d  in  water.  They  eontain  a  >;luco^ide» 
amygdiilin,  and  a  ferment,  emnlsin,  whieh,  in  the  presence  of  water,  deeom- 
poBCB  the  amygdahn  into  dextrose,  pin^sic  aeid,  and  benzaldehyde. 


Aiujgdaliji.  Dextroflev  Prujdcacld.    BeniAldebyde, 

\    +    3H,0    ^    2(QHiA)     +     HCN    +    C^H^^O    -|-     B.O 


I 


The  prussic  acid  and  benzaldehyde,  whieh  are  probahly  in  combination 
not  merely  mixed  together,  are  known  as  the  oil  of  bitter  almonds^  which 
is  moeh  more  jjoisoiioua  than  the  other  volatile  oils,  owing  to  its  containing 
prussic  acid.  Emulsin  is  aist)  contained  in  the  sweet  almond,  but  no  amyg- 
dalin,  so  that  no  pnissic  aeid  is  formed  when  it  is  pounded  in  water.  The 
fixed  oil  uf  almonds  is  formed  from  hitter  and  sweet  almonds,  hot  contains 
no  pruasi<'  aci*!.  Laurel  leaves  {Latirocerasi  Folia^  B.  P.),  and  the  hark  af 
the  Yirgirdan  prune,  or  cherry  (Pmnun  I'irgiuiana^  U.  8.  P,,  Jhttni  Virgini- 
anjr  Cortex,  B.  P.),  also  contain  amygdaiin,  or  some  nearly  related  substance, 
and  emulsin,  and  form  benzaldehyde  and  prussic  acid  when  rubbed  up  witll 
water  The  Virginian  cherry  hark  has,  however,  a  more  hitter  taste  than 
the  others,  from  the  presence  of  a  resin  or  some  other  nnknowti  Iwdy. 

The  Volatile  Oils  tliemselves  arc  also  reprcs*^nted  in  unneeessariJy  large 
nnmhers  in  the  pharmacopceiai?. 

U.  Hv  F.—Oh'nm  MenHtie  Piperita  (oil  of  pcppenruut),  OL  Mentha  Viridit 
(spearmint  oil),  0/.  (ratfttbtrim  (wiutergreen)^  01.  Lanjiidutm  Florum  (oil  of 
lavender),  OL  Eitcajwiti  (eucalyptus  oil),  OL  Ltmoms  Corticis  (oil  of  lemon), 
Ot.  Auraniii  Cmtieis  (od  of  orange  peel),  Of.  Auratttii  Florum  (oil  of  orange 
hlossoniy  oil  of  Xeroli),  Ofeore^iua  Zingiber  14  (ginger),  0/.  AmygdfUw  Afmrm 
(bitter  almonds),  OL  CaryophijUi  (oil  of  cloves),  OL  Pimmhe  (oil  of  allspiceyj 
OL  Oirio"  (canuvay  oil),  Of,  (VwHrtmomf  (cinnamon),  O/.  CVjrmnfln"  (coriander), 
OL  FngeTontiii  (erigeron  or  flcabane),  Ol.  Cajttpitti  (c^juput),  Of.  Berffamotttt 
(bergamot),  OL  Samafras  (sassafras)  OL  Anttd  (anise),  OL  luetiimli  (feiinei), 
OL  MttreinL  (hay),  OL  Romtmritii  (roseniiny),  Oi,  Hedeomse  (pennyroyal),  OL 
Ju n rper i  ( j u n i pc r) ,  OL  Sabime  (savine),  OL  kottte  (tiil,  attar  or  otto  of  rose.^), 
Of.  Hetvlfe  Vol  tit  He  (volatile  oil  of  birch),  OL  Tbymi  (thyme),  OL  Myrietiar 
( nutmeg) - 

B,  F.^Oleum  Anefhi  (oil  of  dill),  OL  Anim  (anise),  OL  Cajuputi  (cajuput). 
OL  Ciirui  (caraway),  OL  Caryophylli  (cloves),  Of.  Cinnnmomi  (cinnamon),  01, 
Coriandri  (coriander),  OL  Ettcatypti  (cuealypins),  OL  f^vanduhr  (lavender), 
OL  IJmonig  (lemon),  OL  }feiith/e  Piper  it  it  (peppermint),  OL  Menthw  riHdin 
(spearmint),  OL  3fyrii*(iew  (nutmeg),  OL  J Ti/icm/Vf/V*  (chamomile),  OL  Pimentte 
(allspice),  OL  Rosm  (oil,  attar,  or  otto  of  roses),  OL  Romnarini  (rosemary). 

The  majority  of  these  oils  resemble  each  other  very  closely  in  their  etTecte 
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-:  '  special  eommeut*     Oil  of  roses  is  S4>  ex[)ensive  thut  it  is  never 
.i\  estpetnally  as  it  has  no  special  ii<lviiritiij5es  over  the  others. 
■•^y,  juniper,  and  ijiavinejire  more  iriitiiiit  than  the  othera, 
I.~TIie^iIs  oT^\v'TiUcrgreen  and  of  birch  L-onsist  mHillly 
^    and    may    be  used   iiisleiid  of  I  he  other  i^iHeylalea. 
d3  are  more  poii^ouous  than  the  others,  not  from  their 
H.M  SHI  miieh  as  fn)m  their  etlects  after  aijsorpi ion*     Oil  of 
<mt;iins  a  very  variable  amount  of  pru.^sic  aeid  and  therefore 
.»r-  -iirr^tituted  for  the  other  volatile  oils,  but  its  pri*parations  are  so 
AS  to  he  void  of  all  danger. 

-  '-♦I  -  oiU  themselves  are  comparatively  little  used.     A  single  drop 
lo  powders,  pills  or  8ohitions  to  give  a  ple-asant  odor,  and 
|M^-»  nt»   ill  tooth  powdert*  renders  these  more  or  less, stronijly  ant  iJ^eptie, 
nally  they  are  given  in  eases  of  eolie  or  in  chill  hy  pouring  a  few 
on  a  piece  of  sugar  which  in  sucked.     The  dose  of  the  volatile  oils  in 
il  i^  1-2  drops. 


Splrittts  are  formed  from  many  of  the  volatile  oils  by  disi^olving  them 
1  '  obol,  sometimes  with  the  ailditioa  of  water  and  sooietimet^  with 
!^  of  the  crude  drug,  so  that  the  preparation  h  really  a  mixture  of 
line  and  spirit*  The  spiritis  or  essences  of  tlie  volatile  oils  are  used 
tiargely  a^  flavoring  agents  in  mixtures  for  internal  use,  aiul  are 
laildtil  to  external  applicittions  to  lend  them  odon  Tliey  may 
I  be  preseribcd  where  alwhol  is  indieated  but  is  distastrful  to  the 
itienl ;  the  spirits  of  the  volatile  oils  c^jutain  nearly  double  the 
unt  of  alcohol  in  brandy,  and  have  to  be  diluted  accordingly, 
of  thera  may  be  u?iefl  as  carminatives^  but  the  spirits  of  pepper- 
jjnuuaraon,  anise  and  lavender  arc  mure  frequently  used  for  this 
than  the  others.  Sjurlt  of  juniiver  is  often  given  aa  a  diuretic, 
[alone  or  along  with  other  drugs.  Spirit  of  rosemary  is  generally 
_  iternally.  Many  of  the  coniraon  perfumes  are  spirits  of  differ- 
f  volatile  oiU  ;  thus  eau  de  Cologne  ccmtains  the  oils  of  bergamot, 
oon,  rosemary,  lavender  and  orange-flower,  along  with  acetic  ether 
ttd  alcohol. 

Thf^do'i^*  Qf  the  spiritus  as  carminatives  is   1-4  c.c.  (15—60  mins.). 
rhn  arc  often   preseribetl  along  with  other  stomachics,  such  as  nux 
aiai,  cinchona,  or  the  bitters. 


♦  8w  R — Spintm  Amy^dalm  Amarm^  t^r,  Animf  5)wV.  Aurantii  Compositus 

'riiog  the  oils  of  orange  peel,  leiuon^  coriander  and  anise),  JSidf*  Cintta- 

\8fHr,  Gauithrriir.,  S^ii\  *itiniperi^  Sptr.  Juniprri  CompoHitus  (eontuining 

f  juniper,  i.'jimwa.v  and  fennel.    Dose^  4-8  e.e.,  1-2  tl.  drs.),  Splr.  Laran- 

^•fe,  Sptr.  Liftu>nis,  Spir.  Mcnthw  PiptiHttt,  Spir,  Menthfe  Viridh^  Spir.  3fr/rr/;r 

^(liftynim,  eotitainin^  oils  of  bay.  orangje  peel  and  allspiee),  Spir.  Mtfri^tinv. 

^irir  ArofHitfii^um  is  a  preparation  of  the  8pu\  Aurantii  Composhus,  which 

^  ^^*^\  oxehisively  as  a  flavor. 

^  P  -^Spiriitm  AnUi^  Sp,  CajupuH,  Sp.  Cinnamomi,  Sp,  Jtmiperi,  Sp,  La- 
Lwtflu/jr^.Sp^  Mmthft  Piprrittv,  Sp.  Mifrisltcw,  Sp.  I^osman'ni, 

l^e  roinpounfl  spirit  <if  litir.Hf radish  (Spir,   Annornrhe  Compoiitiiitx)  is  oh- 

"  by  <:xtractinj^  the  volatile  oils  of  horsemdish.  hieter-oraaire  peel,  and 

g  with  dilute  alcohol  and  pnnfying  them  )»y  distillation.     Horseradish 

•  Hke  that  of  mfM  of  the  Crueifenc,  is  a  rtnlj^hur  eoiii pound,  and  has  a 

^pctuUarly  hot,  bumiuK  taste.     Dose,  1-2  11.  dm.  (4-8  c.e),      v 
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Aquffi. — The  vobtile  oils  are  very  inmiluble  in  wat^r,  but  when  thejp 
are  shaken  in  it,  enough  remains  in  the  water  to  give  it  tlie  odor  nni 
taste  of  the  oiL  In  tlie  procei^s  of  obtaining  the  oils  from  the  crude 
drugs  by  diatiOatiou,  some  oil  m  hold  by  the  water,  and  a  nuralier  of 
these  waters  (atjuje)  are  eotitained  in  the  pharmacoptviajs.  They  are  used 
as  substitutes  for  distilled  ^vater  in  making  np  prescriptions,  the  sraall 
quantity  of  vcdatile  oil  serving  merely  to  give  a  pleasant  odor  aud  taste, 

XJ,  S.  F.^-Aqua  Anisi^  Aq.  Aitraniii  Flor.  and  Aq.  Aurantii  Florum  FqiHo^ 
(the  latter  contaiiii»|i  twif^e  as  mueh  volatik^  oi!  as  the  former),  Aq.  Own<K 
mOMi^   Aq,  Fanicttlt\  Aq.   Mf^ftth.    Fipende,  Aq,    Mentha    Viridis,    Aq.    Eom* 
Aq.  Mmw  Fortior  (the  latter  twic«  as  Btrotig  as  the  ordinarily  used  Af, 

B,  P. — Aqua  Anefhi^  Aq.  Anhi^  Aq,  Aurantii  Florum,  Aq.  Carta,  Aq.  Cin- 
iirtiHOmi,  Aq.  F{rnicuh%  Aq.  Laiirm't'r(m  (laurel  water,  I'on tain in^  priissic  acid 
and  beiizahlehyde),  Aq.  Mentfim  Piperiise,  Aq.  Mtntfne  Viridi»f  Aq.  Fimenl4e^ 
Aq.  Rostf,  Aq,  SamhucL 

Other  prepuratiotis  containing  volatile  oiln  merely  as  flavoring  ingredients 
are  Trochm^i  Mf^nthie  Piperitw,  U,  S,  P.  (pepjjermint  lozenges),  and  Unffuen-^ 
turn  Aquie  Ronw  (cold  cream),  U.  S.  P.,  B.  P» 

Some  of  the  preparations  contain in|=^  volatile  oils  are  derived  not 
from  the  oil  itself^  bnt  from  tlie  ernde  dru^,  and  therefore  contain 
non- volatile  snhstiuices  which  are  generally  absent  from  the  prepara- 
tions already  mentioned.  As  a  general  rule  these  non -volatile  bodies 
are  inactive,  but  in  some  cases,  hitters  or  resins  are  contained  in  the 
preparations,  and  may  influence  their  action.  Thus  a  bitter  glucoside, 
liesperidin,  is  tbnnd  in  tlie  orange  peel,  and  is  present  in  the  prepara- 
tions formed  directly  from  it,  wliile  it  is  absent  from  those  formed  fmm 
the  volatile  oiL  (linger  contains  a  resin  of  hot,  burning  taste,  which 
increases  the  carminative  action  of  the  oil.  Cinnamon  contains  some 
tannic  acid,  which  passes  over  in  the  tincture,  while  a  fixed  oil  is  con- 
tained in  cardamom.  Arnica  contains  a  bitter  substance,  arnidn ; 
calamus,  a  bitter,  acorin,  in  addition  to  a  volatile  oil  ;  casciirilla^  a 
bitter  prineijde,  cascarillin,  along  with  another  oil.  Preparations 
which  contain  a  bitter  substance  in  addition  to  a  volatile  oil,  are  often 
classed  as  aromatic  bitters  along  with  the  Pepper  series. 

Among  the  preparations  formed  from  the  crude  drugs  are  the  Syrups, 
which  are  used  exclusively  as  flavoring  agents. 

IT.  8.  F.^Stjrupm  Aftranfit  Fhrum,  Stfr,  Amygdal^j  8^r.  AuranHt,  Stft, 
Rosie,  Stjr.  ZtUffiherin,  Sifr.  Pruni  Virginkiftie. 

B.  P. — xSyruptiit  Aromatwus  (containing  tineture  of  orange  and  cinnamon 
water),  Stfr,  Aurantii,  xStfr.  Aurantii  Flons^  Stfr.  Limonw^  St/r,  Prttni  Virffini- 
amr,  Srjr.  Roaie,  Syr.  Zingiberis.     Dose  of  syrups,  B.  P.,  2-4  c.c.  (J-1  fl.  dr.). 

The  Tmctores  are  used  for  the  same  purposes  as  the  spirits  of  the 
pure  oils,  and  in  the  same  dose,  1-4  c.e.  (15-00  mi  us,).  The  tinctures 
of  arnica  arc  emploved  externally  as  applications  to  bruised  surfaces 
and  in  similar  conditions,  but  they  have  no  more  effect  than  other 
preparations,  although  they  arc  popularly  reganled  as  specifics. 
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O.  fi»  P. — Tinthira  Arnicte  Flof^tm^  Tiiwt,  Arnicte.  Radimfi,  Tinct  Aurantii 
Tinct.  Aurantii  Dulcift^  Ttnct.  CarHamomi^  Tinet.  Cardamomi  Compomta 
rnn1amom»  ciiiiiiiiuoD^  eiimwiiy),   Tinct.  Cinnamomif  Tinet  Aciran- 
/ir  '  r  (otls  of  lavender,  rosemary,  ciDnumon,  doves,  ttutmeg),  TYfid, 

f*4iii.  ',  Zingibrrist, 

B.  1*.^ — Tttictuni  Arnic/i\  Tinct,  Aurantii ,  Tinct.  Cardamomi  Comj}0»itn  (can- 
talfkblf;:   ctftfdi&iDoui,    cartiwuy,    cinnamon    and    misitus)^    Tinct,    annamoRu\ 
Timet,  Cttmnduht  Comp^mitft  (lavender,  rosemary,  cinnamon ^  nutmeg),  TincL 
tAmomi*^  Tinct  Prunt  Virtjiftiame,  Tinct,  Zingit/eris^  Tinct*  CascarilUe, 
Fluid  BxtractS  uflhe  volatile  oil  series. 
I*,  R  P. — Extrartum  Arnicte  Radicis  Fluidum, 
Aurantii  AmuH  FL^  1-2  c.c.  (15-30  miiiB.). 
How  FL,  4-«  c.1%  (1-2  fl.  drs). 
nUami  FL,  tl.'WLa  e.c.  (8-20  mins.). 
Salfime  Fl.,  (K2-0.5  c,e.  (3-8  mins.). 
/VttFii  Virgin iuHif  Ft,,  2--4  C.C.  (}-l  fl>  dr.). 
Z7nry;?,erij^  FL,  O.S-l.a  c,c,  (8-20  mins.). 

'cnm  Ft,,  0,5-1.3  c.c.  (8-20  min*.)^  from  aromatic  powder. 
-  m d  extracts  at  ali  extegtgivelj  used  areJJie  la^it  three, 

I&l^isioiis.  ^ 

U,  B,  P. — Infttsiim  Pruni  Jlrgintajiee, 
6.  P* — fnfuftum  Aurantii, 
b^lmmm  Aurantii  Compot^Hum  (formed  fi"oui  bitter  orange  peel,  fresli  lemon 
poelMid  doves). 

imfkmnm   Cfirtffiphijtli. 

hffmamm  R*»sit  Andum  (containing  sniphimc  acid)* 
imfmsmm  Cascarillit, 

Th««r*  lnfti«iio«s  arc  given  in  doses  of  J-1  fl,  ox,  (15-30  c.c*)  and  may  be 
iBied  tijgteacl  of  I  lie  medicated  waters  (aqua?). 

QHbm  Pre|»arations. 

Ertr0etttm  Amiae  Radicis  (tT,  8.  P.)  Is  used  to  form  the  Emplaairum  Arniem 
(U,  8.  P*^,  Amifii  plaster. 

EUnteimm  AnIhcmidiM  (H.  P.),  0.1-4).5  O.  (2-S  grs.), 

Ckmfrciio  Ro»it  UaUic^  (B.  P  ). 

Tlie^  two  last  preparations  art;  u^ed  almost  exclusively  as  cohesive  basee 
fpf  pllls^ 

^dtiB  ArnmaticHM  (^ ,  B.  P.)  contiiins  cinnamon,  cardamom,  gri^g**'",  and 
oaynrfr  n»  i..i^i-»-r  jin^i  ij*  iiu»c*ful  ranuinativeiu  doscw  of  0*8-2  U.  (ri-litjgrs.), 

i%M»  '   Con\f><mtu9  (B,  1*.)  eonlaios  cinnamon,  cardamom  and 

gJnuVt  »i-^  -  ■•     i  as  a  carminative  in  doses  of  10-iO  grs. 

X^m^mmOmm  Eucalypti  (B.  P.). 

Sercml  purp  si^batauces  which  have  been  isolated  from  the  volatile 
oils  and  i»tr<Kliicc'<l  into  tUenit>eutic8  (eucalyjatQl,  menthol^  th^^mol)  will 
be  BMlttioned  Liter.     (See  index*)  "^ 

A  oumWr  of  other  volatile  suhstfiiices  are  iisetl  loi-ally  id  medicine 
Ibr  the  same  purpose  ai^  the  vohitilc  oils,  although  they  are  cla^sifit^  iti 
Other  grpctpe^  owing  to  their  jK>s.*es,siti^  other  properties  which  are  not 
ilmred  by  the  oils.  Among  \\w^^  may  he  mentioned  especially  the 
pfif|Miliilions  of  chloroform  (aqua,  emuKsuni,  spiritus,  liiiimentum),  the 
ample  and  compound  spirits  uf  ether^  and  acetic  ether.  These  are  used 
kfljdjr  for  the  name  puri)oses  as  the  volatile  oil  prepanitions,  and  when 
idBtiiistert*cl  in  mtHlemte  4|uantities  do  not  cause  any  further  etrects. 
Tb«  prepomtioQS  of  alcohol  known  as  spirits,  or  liqueurs,  or  eseenoes, 
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contain  volatile  oils — Curat^'oa,  Cherrywater  ( Kirch wasser),  Kunimeli 
Essence  of  Mint,  etc. — and  the  simpler  spirits,  Brandy,  Whiskey, 

Rum,  Gin,  and    the  wines  contain  bodies  known  as  cenanthic  ethers^ 
which  probably  act  in  a  similar  way. 

BlBLKMiil.\PlJY, 

Bitehoit2,     Arcb.  f-  exp.  Path,  u,  Phnrrn.,  iv.,  p.  1.     (A  mi  septic  action.) 

Bokorny.     Arclu  1  d.  geji.  PIivhoI*^  Ixxiii*,  p.  555. 

Btnz.     Arch.  f.  exp.  Path,  u.  Pbunii.,  v,,  p*  109]  viii.,  p.  60. 

PofiL     Ihid.^  XXV.,  p.  51. 

Batelli.     Trav.  dij  J.abor.  de  Then^x^uL  de  Geneve^  lil.,  p.  V^7. 

Bnmtil^  Smnzrjui,  Fartu^leiutr.  Ztstlir.  f.  Biol.,  xxix.,  p.  277,  xxxiii.,  pp.  462,  475. 
-^Action  on  al»soi'plKm  frorn  stonuicli  and  Ixiwel  ;  comi>ar«  papers  by  Pamcnt  and  his 
Ijpupils*     Art-di,  (k's  Sfient".  biolng. ,  ii.  mid  iii. ) 

Ifefter.     Arch-  f.  exi>.  Path.  u.  Pharm.,  xxxv.,  p.  342.     (Saffrol,  etc) 

}{'ttUernU9.     Ihid.,  xlv.,  p.  163, 

FrommtL  Ilikifbmwit.    Zttichr.  f.  pbysiol.  Chena.,  xxxiii.,  p.  570. 

Ltndemanm  Arch.  f.  exp.  Path.  u.  Phorm.,  xlii.,  p.  S^StJ;  Ztach.  f.  BioL,  3cxxix.| 
p.  1. 

Bohm,     Inang.  Dirs.,  Halle,  1879.     (Absinth.) 

Bo^.     Brit.  Mt^d.  Jonm.,  1893,  ii.,  p.  1097.     {:Al>ainth.) 

Magimn,     Conipti*s  Rendiii*  dc  rAcademit\  Ixviii.,  p.  825»     (Absinth,) 

Lapin.     I  na iig.  I  )i  r».  ,  Jkt  mat,  I  Sf>3.      |  i>l .  M  en  t  h .  pip. ) 

Fteiachmann.  UnterBuch.  u.  Wunhurger  phannttkciL  Institute  iiL,  p.  50.  (Turpen- 
tine. ) 

Kfibai.     rentralbi.  f.  d.  med.  Wissen.,  1877,  p.  129.     (TurpeDtine. ) 

Hare.     Medical  NewF,  Ii.,  p.  51K1     (Tumentine. ) 

PaHop.     inaiig.  Diss.,  Dorpiit,  1889.     (Ttirpentine.) 

Waih^e.     J-  of  Eip.  Med.,  vi,     (Nutmeg.) 

2.  Pepper  Group. 

Be%Tral  dru^«  wbirh  act  as  carminatives  like  the  volatile  oils,  but  which 
difler  frtjm  them  in  the  uatyre  of  their  active  constituentB,  may  be  mentioucrd 
berr. 

Black  Pepper  loiitains  a  weakly  basic  substance,  Piperine  (which  is  broken 
up  by  <.'aiLstii*  alkalies  into  Piperkline  and  Piperinic  aeid)^  m  addition  to  a 
vohitile  oil  and  u  bitter  pungent  resin.  Aicordiug  to  Bui^hbeim  a  second 
ba.«e,  Chtivieine,  also  e.xist,s  in  it  and  can  be  decomposed  into  Piperidine  and 
ChaHcic  fjeid.  Piprrine  is  insoluble  iu  water,  and  1ms  therefore  no  taste 
when  absolutely  pure,  but  m  hot  and  pungent  to  the  taste  when  it  is  taken  in 
.solntion. 

Pyrethmm,  or  pellitory^  contains  similar  constituents^,  volatile  oil,  resin 
and  PtfTefhrine,  which  is  deeom posed  into  Piperidine  and  Pyrethric  acid 
(Buchheim). 

The  unstable  alkaloid,  Sedine^  of  Sedum  acre  (bitiug  stoneerop),  resembles 
the  pepper  alkuloids  iu  its  effects,  but  has  not  been  accurately  exaniiaed  as 
yet. 

Oapaicnm,  or  t'uyenne  pepper,  contains  a  number  of  ill-defined,  non-vola- 
tie  bodies,  whieh  have  been  termed  Capsieo!^  CapKaicm^  Capsivin^  etc.,  but 
of  which  little  or  nothing  is  known  aecuralely.  As  it  has  no  volatile  oib  it 
ditJ'ers  entirely  from  the  other  members  of  the  series,  but  it  acts  similarly  in 
the  stomach,  and  is  used  frequently  ns  an  irritiititig  carmiruitive. 

G-inger  might  also  be  included  ijere,  as  it  owes  its  pungency  in  part  to  the 
presence  of  a  resin  along  with  the  volatile  nil. 

The  volatile  oils  derived  from  the  CYucifera^  differ  from  the  others  in  con- 
taining sulphur,  ami  in  fiossessing  a  much  more  irritating  action.  Thus  the 
volatile  oil  of  mustard  might  he  treated  of  along  with  the  peppers  rather 
than  with  the  other  volatile  carminatives,  bnt  mustard  is  used  in  medieine 
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rMmfltcin  irritant^  and  wiU  be  taken  up  in  that  connection  (s€*e  page  89). 
horseradish  (Arinoracia,  B.  P.)  and  tbe  fonaerly  otficiul  scurvy  gra-ss 
Vrf-KU-iaria  officinalis)  are  used  as  caroii natives,  and  owe  their  activity  to 
II  uning  Fimihir  or  identical  sulphnr  compoiinds. 

Urugs  ditfer  from  the  vohitile  oils  only  in  beJu^  more  irritant  when 
ppiU^i  to  the  skin  and  alimentary  c^nnaL     The  absorption  of  large  quanti- 
liu*-  t».i!  tn  iiktljirnmatiou  of  the  kidney  in  some  instances. 

icum  are  lar^^ely  used  as  condiments,  and  are  com  para - 
tribed  in  therapeutics.  Both  are  nssed  in  domestic  modi- 
its^  and  capsicum  it^  presMTihed  where  a  .ntroug  stomachic 
vi  i;:mL  The  tincture  has  been  employed  in  chronic  alcoholism 
in  anicr  to  provide  a  t^ubstitute  for  the  local  irritant  eftect^s  of  spirits  in  the 
.janmnch.  Ginger  preparations  are  added  to  other  remedies  as  Havoring 
mtA,  the  syrup  being  generally  used,  and  they  are  also  among  the  liest  of 
carminative*!.  The  lozenges  are  prescribed  in  chronic  indammatory  con- 
(ihioti!*  of  the  pharynx  and  larynx.  Pyrethrum  ts  nirely  employed.  Piper- 
ui  bi*f*n  advised  in  malaria  as  a  substitute  for,  or  adjuvant  to  quinine, 
fallen  into  disuse.  Pepper  has  been  administered  internally  as  a 
Kuriitary  dlsinfectaDt  and  stimulant. 


Preparations. 
Kyy  (IT.  8.  P,),  Piper  Nigrum  (B,  PO^  black  pepper,  the  unripe  fruit  of 

Oim^tmniB  Fiperis  (T.  8.  P.),  O.OIMM  e.c.  (i-2  mins,), 
J>Sp«rtiiit»  (r.  S.  P.)3  0.1-0.5  G.    (2-3  grs.). 
ifiHh  PijtrriM  (B.  P.),  (it^lSO  grs. 

stlmim  {l\S,  P.),  Pyretlirl  Radix  (B.  P.),  pellitory,  the  root  of  Ana- 
Pyn-thum, 

fNra  fSfrfthri  (U.  S.  P.»  B.  P.). 

iber  d\  >^.  P.;  B.  P.),  ginger,  the  rhizome  of  Zingiber  officinale. 
w>  (U.  S,  R,  B.  P  ),  4-8  e.c.  (1-2  tl.  dr.). 
ris  (IT,  8.  P,,  B.  P.),  2-4  c.c,  (1-1  11  dr.), 
^  Kffractum  iCingiberiis  Ftuklum  (U.  S.  P,)^  0.5-1  c.c.  (fj^lfi  mtna.). 
tUf^rrmina  yAntjiberin  <U.  8.  P.),  0.05-0.1  c.c.  (1-2  mins.). 
Trpthitci  Zintjtbrris  (V.  S.  P.). 

Cayetme   pepper,  chillies,   the  fruit  of  Capsicum   fastigiatum 
'p.);  Oapsici  Fructus,  the  dried  fruit  of  Capsicum  minimum  (B.  P.). 
thpmi  (U.  S.  P..  B,  P.),  1-2  c.c.  (15^:^0  mins.). 
i  Qijmci  (C.  8.  P.),  0.01-0.05  c.c.  {\-l  min.). 
O^ci  Muidum  (U.  S.  P.),  0,03-0.1  e*c.  (U2  mins.}. 
rum  rrtp»ici  (U.  S.  P.). 
Ui^mtmiuM  Capttici  (B.  P.). 
Amonbcie  Radix  (B.  P.),  horseradish  root,  the  fresh  root  of  Cochlearia 
AriDcittteitt. 

Ariritua  Armontcitt  CompmUm  (B.  P.),  1-2  tl.  drs.  (i^t^o  ji.  08.) 
rtper  Methlsticum,  or  Kava  Kava,  is  used  in  the  South  Sea  Islands  to 
pre^T^  an  intoxicntiuis  liijuort  which  according  t**  Kesteven,  dilfers  from 
tlir  almhidle  prt'panilions  in  produeinj?  marked  mtiscular  weakness  without 
wJBhditifL  the  mental  piiwers.  Other  ol>ser\'ei's  state,  however,  that  it  causes 
ooiilb?!*m  nnd  **leep  very  much  as  alcohol  does.  Its  local  action  resembles 
UwS  r,  and  like  it,  it  has  been  advised  in  goaorrhcea.     Its  virtues 

in  two  redinouB  lK>dies. 


BlBLI<>r;RAPHV. 

BvcAActm*     Arch.  f.  exp.  Path,  lu  Phurm,,  v.,  p.  455. 
JtmggL     Ihid.,  xxIt.,  p.  3]o. 
S^ffm*     Ihtd.,  iJc.,  p.  117. 
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Kestet'CTL  Practitioner,  xxviii.,  p.  199, 
Lrwin.  Berlin,  klin.  \Vt>c4i,,  1880,  p.  7. 
Oema.     Therapeut.  iiazelte,  1891,  p,  7. 

3.   Malodorous  Volatile  Oils. 

Some  of  the  volatile  oils  differ  from  tlic  others  in  possessing  an  odoM^ 
which  is  disagreeable  and  nauseating  to  most  people,  although  not  tc^ 
all.     The  best  known  of  these  are  the  OUh  of  A^fi/<etJda  and  I  aleriutLf^ 
Tlie  former  occurs  along  witli  resins  anil  giinis  exuding  from  som^i 
species  of  Ferula,  antl  contains  several  organ ie  sulphur  e^jmpoontls,  t<^ 
which  it  owes  its  odor.     Oil  of  Valerian,"  from  Valeriana  olHeinalis^ 
is  almost  without  odor  wlieu  freshly  distilled,  but  when  kept  for  some 
time  and  exposed  to  the  air,  it  assumes  a  somewhat  unpleasant,  pene- 
trating odor.      It  contains  two  terpcnes,  borue^J^camphor,  and  uumer- 
ons  estt^-rs  of  formic^  acetic  aud  valerianic  acid-      While  both  of  tlieae 
oils  are  generally  regarded   as  possessiug  very  unpleasant  odors,  asa- 
fft^tida  is  used  in  India  as  a  condiment,  aud  valerian  was  formerly  used! 
in  England  as  a  perfume.     Another  sj>eeies   of  Ferula  whieh  is  in- 
cluded in  the  pharmaeopceias,  but  of  which  little  is  known,  is  Sttmbul^ 
tlie   root  of  Ferula  8umbuL      It  has  a  strong  rausk*like  odor,  and  is 
sometimes  used  to  adidteratc  musk» 

Asafoetida  and  valerian  are  used  in  hysterical  affections,  and  the 
benefits  accruing  from  their  administration  have  generally  been  at- 
tributed to  the  mental  impression  produeed  by  their  unpleasant  odor 
and  taste,  and  not  to  any  action  they  produce  after  al>sor|>ti<ui. 

But  Kionka  and  Liebrecht  *  state  tfuit  valerian  has  a  definite  stimu- 
lating action  on  the  psychical  functions  aud  that  this  is  due  to  the 
presence  of  certidn  valerianic  comi>ounds  in  the  oil.  They  have  also 
formed  some  artificial  compounds  (  Vahfl)  possessing  simihir  proi>erties. 
The  ordinary  valerianic  salts  have  no  further  effects  than  other  salts 
of  the  acetic  acid  series,  so  that  it  is  quite  irrational  to  use  such  bodies 
as  valerianate  of  quinine  for  their  action  in  hysteria, 

Asafietida  is  also  used  like  the  other  volatile  oils  as  a  carminative 
and  as  an  expectorant,  and  the  emulsion  is  given  by  the  mouth  or  in 
an  enema  to  relieve  abdominal  distention. 


Preparations. 


I 


Asafcetida  (U.  B.  P.),  a  mixture  of  volatile  oil ^  gum,  and  resin  from  Ferula 

fijetida.  ^^^ 

Emulsum  Asajnelidm^  15-80  c.c.  (i-1  fl.  oz,),  ^H 

Pihilw  AmMidfe^  1-3  pills.  ^H 

^    Tinetura  Amftrtidie,  2-4  c.c.  (30-60  mins.), 

-     Filiiije  Aloi'»  el  Asafwtid^e,  2-5  pills  (used  largely  in  hysteria  with  consti- 
piitjoii). 

Asafetida  (B.  P.),  a  gum-resin  obtained  from  the  root  of  Ferula  ftetida 
and  probably  otber  species. 
Tinctitra  AsaJetidiJt^  \-l  fl,  dr, 
Pilula  Alo&s  et  Amfitkbi\  4-S  grs.  I 

^Sikornha,  These  de  Geneve,  1899. 
M)eut4tch  loed.  Woi'h.,  1901,  Dec  5. 
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Pibda  GMani  Comptmla,  4-S  grs« 

Sf^ui  AmmoniM'  Fetidajt,  l*(l— 10  mins.   for  repeated  ad roiniBt ration  ;  for  a 

cdp  ftdmmistmtion  6(>-i*u  iiiins. 

Vtlcriana  (C,  S,  P.),  Valeiianae  Radix  (B.  P,)^  valerian,  the  rhizome  and 

>uti^  (*t  Viileritiiia  officinalis. 

Extradum  lal^riarut  FUddum  (U.  6.  P.),  2-4  e.c.  (J-l  fl.  dr.). 

T\MduTa  I'alertanuf  (U.  S.  P.),  5-10  c.c,  (1-3  fl.  dr.). 

Tkffvfrt  ytUeriatur  Ammotttata  (U.  S.  P.),  ♦'W 10  e.c,  (1-3  fl.  dr,)» 

Ihctura  t'almaJife  Ammonia  la  (B.  P.),  J-1  fi  dr. 

Inmhil  ir.  8.  P.),  Suinbul  Radix  (B.  PV),  the  root  of  Feruia  SumbuL 

Unamra  Sumbui  (U.  S,  i*,,  B.  P.),  \-l  tl,  dr» 


An 


^A 


1  Volatile  Oils  XTsed  as  Oenito-urinary  Dlsiiifectants. 

other  group  of  volatile  oij^  is  used  chiefly  for  f^eui to-urinary  dig- 

The  best  known  of  tliese  are  the  OjY^  of  ^hjituhq^  (^jJnha  amf 

f,  which  resemble  eueli  other  closely   in   character.     Oil  of 

and  oil  of  c«->p4iiba  contain  a  large  j>roportion  of  sescjniterpene 


^}^  and  the  oil  of  sandalwood  has  two  oxidized  sub&tances  (san- 
and  santalal),  w^hich  can  be  reduced  to  a  sesfjuiterpene  identical 
t  of  enjiaiba.  In  copaiba  the  volatile  oil  is  associated  with 
or  more  resinous  acids*  and  in  cuijcb?^  there  is  in  addition  to  resi- 
adds  a  bitter  substance,  Vnhvhin^  which,  however,  is  not  absorbed 
the  stomach  and  bowel,  and  is  entirely  inactive.  Cnbebs  and 
ve  long  been  used  as  genito-nnnary  disinfectants,  while 
oil  is  a  more  recent  additi(»n  to  the  grtjup,  wliieli  is  less 
ble  to  take  and  has  less  tendency  to  disturlj  the  digestion/ 
The  oils  have  the  ordinary  effects  on  the  skin,  stunuich  and  intestine, 
aWrbed,  and  are  excreted  partly  by  the  lungs,  but  cliiefly  by  the 
iu  eombination  %vith  glycurouic  acid ;  some  oil  is  unchanged, 
is  prtially  oxidized  in  the  tissues. 
The  ^iroduets  of  the  oils  excretetl  in  the  urine  aj*|>ear  to  have  sfime 
itiseptic  action  for  the  urine  of  persons  treated  \vith  them  putrefies 
more  slowly  than  ordinary  urine  and  the  growth  of  many  of  the  more 
germs  is  somew^hat  retarded  by  it.  On  tlie  other  hand  there 
iiw»me  fjuestion  as  to  how^  far  it  is  destructive  to  the  gonrHoecus, 
lieh  sometimes  grows  rt*adily  in  cidture  media  made  up  with  such 
riae  instead  of  water.  Wiutcrnitz  therefore  attributes  the  undoubted 
(wajjeutie  efficacy  of  these  oils  to  their  less^'uing  the  inflammatory 
;e  mther  than  to  their  antiseptic  action,  without  denying  that  the 
may  aW  be  of  some  importance.  In  large  (plant ities,  these 
oils  cause  irritation  in  the  bladder  and  urethra,  which  leads  to  a  con- 
«**wt  Airfre  to  micturate,  and  to  much  pain  and  diflficulty  iu  doing  so; 
*^ftiines  the  jjain  is  so  great  as  to  lead  to  complete  retention.  \Vhen 
^e  ttpethra  or  bladder  is  in  a  state  of  inflamniatiou,  these  symptoms 
^  produced  by  even  small  doses,  so  that  these  oils  are  generally 
*voiJed  in  the  acute  stages  of  intlammation,  and  only  given  later  when 

'Tbe  ideal  ffenito-urinarj  disinfectant  of  tliis  serif*  ought  to  be  well  home  W  the 
^■««K'htiHl  bowel,  and  oiiifht  U>  be  excreie<l  ummly  bv  the  kidneys  in  ii  fairly  strong 
JP'ttWnarioD  with  glycnronic  acid,  as,  if  thp  Intter  is  e!i*iily  f*plit  off  in  the  uriae^  it  is 
"*We  U)  set  sft  s  culture  medium  for  bacteria.     ( Schmiedeberg, ) 
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l)ladder^  as  in  cystitiB,  the  urine  may  have  this  dark  color  when  pasv^il.  In 
Ihese  cases  prtibiibly  less  of  the  aTbutin  e^scapes  undecomposed,  but  this  li«|j 
not  l>een  deuioiistmted.  ^ 

Lur;^e  qiiiuilitie.s  of  nva  iirsi  raiise  nausea^  %omltin|?  and  diarrhoea,  but 
Lewiu  states  Ibat  thi;*  disturbance  of  the  alimenluty  canal  may  be  avoided 
by  tilterhig  the  watery  preparations  through  iinhmd  efiareoal,  or  by  admin- 
iftteriijg  the  glneoside^  instead  of  the  cruder  preparations. 

Blichll,  the  leaves  of  sevend  sjjeeies  of  Burosnia,  contain  a  volatile  oil, 
one  eonstitiient  of  wbich  is  a  L-anipbor  body,  DiosphntoL  This  volatile  oil 
is  abs^orbecl  and  is  excreted  by  the  kidney!^,  and  renders  the  urine  slightly 
antiseptic.      U  does  not  increase  the  rei^al  activity  appreciably. 

Pichi,  the  twifi^  of  I-'abiana  imbricata,  contains  a  resinous  acid^  a  gluoo- 
8idc  and  traces  of  an  alkaloid,  none  of  which  have  been  t^atij^factorily  exam- 
itied.  It  has  l>een  founfl  of  Itenelit  m  the  same  conditions  a&  Bucbti  and 
Uva  Trsi, 

Zeftj  or  cornsilk,  contains  a  resinous  acid  %vbich  increase-S  the  secretion  of 
urme  by  direct  stimulation  of  the  renal  epttheliym. 

Chimaphila,  or  pipsissewa,  contains  a  volatile  substance,  Chimaphilin^  and 
arbutiUj  and  is  usetl  as  a  substitute  for  Uva  unsi. 

Prepabations. 

Uva  TTrsi  (U.  B.  P.),  Uvae  Ursi  Folia  (B.  P.),  the  leaves  of  ArctoBtaphylos  | 
IT  \'a  -  u  i*s  i  ( bea  r be  r  r>' )  * 

Ejctntctuvt  !nv  irsi  (U.  8.  P.).  1-4  G.  (15-60  gre.) • 

Extradum  Inr  Umi  Fiuidtun  (V.  H.  P.),  5-15  c.c,  (1-4  fl.  drs.). 

InftiiHtm  Uru'  Unfi  (B.  F.)^  ^-1  fl.  oz. 

Buchu  (i;.  H.  P.),  Biichtt  Folia  (B.  P.),  the  leaves  of  Barosma  betuUna  and 
B.  crenubita. 

Krfrui'ttm  Btwhtf  Fluidim  (V,  8,  P.),  2-4  e.c.  (30-CO  mins,), 

TiTuiura  Bttrhit  (B,  P.),  A^l  tl.  dr. 

Irfjmitm  litirhu  (B.  P.),  1-2  fL  ox. 

Zea  {U.  8.  P.),  cornsilk,  the  styles  and  stigmas  of  Zea  Mays  (Indian  corn 
or  maize). 

Erbmttim  Zem  Fluidum  (IT.  S.  P.),  5-10  c.c.  (1-2  fl.  drs.)* 

Chimaphila  (U,  S.  P.),  Pipslt^sewa,  the  leaves  of  Chiroaphila  umbellata, 

Extruvittm  Chimaphitir  Ffutditm  (U.  S,  P.),  2-5  c.c,  (A-1  H,  dr.). 

Fabiana  (Pichi),  the  branches  of  Fabiana  imbricata  (not  phannaeopCEial)* 

ETtracium  Ftibkime  Ffmdirm^  4  c.c.  (1  (1.  dr.). 

Arhiftin  has  been  advised  as  an  improvement  on  the  crude  Uva  ursi.  It 
is  given  in  dieses  of  1-4  G.,  in  sweetened  solution. 

Therapeutic  Uses* — These  drugs  are  all  used  as  mild  disinfectants  of  the 
urinary  tract,  and  are  generally  prescribed  along  witli  more  powerftil 
diuretics.  They  are  lV>und  to  give  relief  in  catarrh  and  inilammation  of  the 
Idadder. 

BlBLICHiRAPHY    OF    UvA    UrSI, 

7>twi'm     Virchow's  Archiv,  xcii.jp.  5*21. 
PiwiikU.     AVieacr  Med.  PresNe,  1884,  p.  3t>8. 
Kitnkrl     >[iincli.  ined.  Wucb,,  iMWi;,  p.  891. 

VI.     SKIN  IRKITANTS  AND  COUNTEIHREITATION. 

The  practice  of  applying  irritants  to  the  skin  in  internal  (lisea.ses  is 
one  of  great  untiqiiity.  The  theories  on  which  this  tlicrajieutic  method 
is  biLst^l  have  changed  with  the  advance  of  medical  know  led  jje,  until, 
no  explanation  sati.sfiicttn*y  to  loodern  scepticism  being  lortliconiing, 
the  tise  of  these  remedies  has  fellen   jnti>  a  certain  disrepute  in  the 
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ifrw  mm  The  old  theory  of  revulsion  or  derivation  was  at  first 
m  the  belief  thiit  disease  was  a  malignaiit  entity  or  humor, 
bich  might  lie  drawn  from  the  deeper  organs  to  tlie  surfiiee  by  means 
'  irritation  of  tl»e  skin.  Later,  it  was  supposed  that  the  congestion 
f  ibc  <lisensed  organs  might  Ik*  relievei'f  by  the  withdrawal  (jfttuid  to 
'  siin,  and  this  tielief  has  Ix-en  held  in  more  or  lcf:s  mo-ilitied  forms 
i|iote  mmlern  times.  In  addition,  it  wjis  recognized  very  early  that 
EJtitioa  of  the  skin  relieved  pain  in  many  instances.  The  means  by 
kicb  the  skin  irritation  was  attaineil,  were  extremely  numerous  and 
pti;  laii^e  numbers  of  drugs  have  been  used,  and  in  addition  me- 
devices  of  all  kinds  were  employed,  such  as  burning,  electri- 
l  curreotiiy  or  the  intnxbiction  of  setons.  In  many  of  these  the  idea 
■  irritation  was  combined  with  that  of  leaving  a  way  of  escape  for 
Kirs.  This  latter  is  only  *jf  historical  interest,  but  the  practice  of 
iicvjng  internal  organs  by.extcriml  irritation  or  coimter-irrUatlon  per- 
still,  and  perhaps  merits  more  attention  than  it  receives  at  the 
\  of  many  physicians, 
I  The  effects  of  an  irritant  applied  to  the  skin  twa  local  and  remote, 
first  symptoms  of  irritation  are  congestion  and  redness  of  the 
,  Aod  many  drugs  which  produce  only  this  degree  of  irritation  in 
liiQark'  circumstances,  are  known  as  Kuhefacimt,^,  Stronger  irritants 
blistering,  and  are  cjilled  \'r,vmids^  while  some  drugs  which 
uritation  and  small  discrete  suppurations,  receive  the  names  of 

liDCil  Symptoms. — The  application  of  an  irritant  to  the  skin  causes 

^Ading  of  warm^th,  and   often   of  iteliing,  wfiich   may   later  become,^  ^ 

ttfied  into  actual  juiin.     Tlio  skin  becomes  rtd,  contrestetl,  warm,  i- 

I  St  first  is  more  sensitive  to  toueli  and   painful  stimuli,  tliough  the 

dtiveoess   is  afterwards  lessened.     This   condition    yiersi^ts   for  a 

hogeror  shorter  time  according  to  the  nature  of  the  irritant,  and  then 

fttwoff  slowly.     Very  often  dcsqua  mat  it  m  folh>ws,  if  the  rubefacient 

htticted  for  some  length  of  time.     Stmnger  irritation  is  followcnl  at 

filit  by  the  same  results,  but  soon  small  globules  of  fluid  apjK^ar  beb>w 

'epidermis,  and  these  ^Hxilesce  so  as  to  form  a  large  accumulation 

Btiitl,  which  raises  the  epidermis  completely  off  1  lie  true  skin,  tbrm- 

l  blister.     If  the  irritant  be  removed,  tlic  fluid  of  the  blister  un- 

la  slow  absorption,  so  that  in  the  course  of  a  few  days  the  epi- 

feniis  forms  an  empty  sack,  which,  however,  is  not  obliterated  by  the 

■dbedoas  of  the  walls.     If  the  blister  be  opened,  the  sensitive  dermis 

is  exposed,  and  the  secretion  of  fluid  continues  fijr  some  time,  until  a 

'epidermis  has  becm  fornRK:!. 

Tlic  distinct  and  separate  p<3ints  of   inflammation  caused    by  the 

"n^^tulants  are  due  to  their  affecting  the  orifices  of  the  skin  glands  and 

•otthe  intervening  tissue.     This  has  Ix-en  ascribed  in  some  instances 

!» the  drug  lieing  rendered  irritant  at  these  points  by  the  presence  of 

"^^^  formed    by  the  decomposition  of  the  sebum  and  persjjiration  ;  a 

^pler  explanation   is   that  the   pustulauts  cannot  pass  through   the 

^^y  epidermis,   but  act  as  irritants  wherever  they  come  in  contact 
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with  living  tisisue,  that  is,  at  the  orifice  of  the  glands.     They 
the  same  sensiitioii  of  warmth  and  prickling  of  the  skin  as  the  otj 
irritants,  but  even  in  the  earlier  ^^tages  of  thdr  action  small,  dark- 
raised  points  are  observed,  exactly  as  in  some  of  the  exanthemata, 
these  afterwards  form  small  abset^sses.      If  the  application  be  persis 
in,  these  discrete  abscesses   may  burst  tlirongli  the  intervening  tissi 
and  become  e<:mfluentj  and  large  abscesses  have  thus  been  formed  | 
the  skin*     When  the  irritant  is  removed  before  the  formation  of 
the  inflanmmtion  of  the  duets  slowly  subsides  and  the  epidermis 
off  as  afler  the  milder  irritants. 

The  li>(jd  eHpcts  of  the  niljofaelents  and  vesicants  are  identic 
those  of  aniir  iuilammatioii.     llw  pain  :nid  discomfort  are  due  to  : 
action  on  the  nerve  term i nations,  wliile  the  redness  and  swelling 
tmy  the  loenl  dilatation  of  the  vessels.     This  latter  is  perhaps  duej 
the  direct  etfect  of  tlie  irritant  on  the  vessel  walls,  rather  than  to  aq 
reflex  action  from  the  irritation  of  the  sensory  nerves,  but  it  cannot  I 
said  to  be  known  how^  tar  tliis  latter  agency  is  involved  in  the  resu* 
The  dilatation  of  the  vessels  and  the  slowing  of  tlie  blood  current 
them  lead  to  the  tmnsudation  of  fluid  and  leucocytes  into  the  tissu 
especially  at  the  points  where  the  irritation  is  greatest,  and  tlie  ac 
mnlation  eventually  pushes  otf  the   horny  epidermal   layer  from 
living  layers  and  forms  a  blister.     The  fluid  in  the  blister  has  bfi 
sliown   to  contain   some  of  the  irritant,  which   difluses  into  it  throaj 
the  epidermis.     The  cedemu  and  swelling  is  not  confined  to  the  skii 
but  extends  into  the  subcutaneous  tissue  and  the  more  superficial  Iay«| 
of  muscle* 

If  the  irritation  be  continued  long  enough,  suppuration  may 
mence  in  the  blister  and  lead  to  deep  erosion  of  the  tissues/ 

Bamote  Action, — Local  irritation  cannot  exist  without  causing 
tain  general  changes  w-hich  atfeet  the  whole  organism.  These  ar 
from  the  reflex  stimulation  of  various  cenfres  in  tlje  medulla  obloujE 
and  are  thought  to  explain  many  of  the  beneficial  eflects  of  counter- 
irritation.  The  centres  involved  are  those  regulating  the  heart,  the 
tone  of  the  vessels,  and  the  respiration.  Moderate  irritation  of  the 
skin  causes  an  a^cceleration  of  the  heart-rhythm,  which  has  not  been 
satisfactorily  explained,  while  more  powerful  irritation  slows  the  heart 
through  the  inhibitory  centre.  The  blocjd- pressure  measured  in  the 
arteries  is  considerably  increased  by  ordinary  irritation  of  the  skin, 
but  if  it  be  very  severe  or  widespread,  the  slowness  of  the  pulse  may 
cause  a  fiill  of  tension.  This  iik  n/asi^  in  the  blood -prfiSiHr^  is  due  to 
the  reflex  stimulation  of  the  va>omotoi-  nntiT,  which  causes  a  constric- 
tion of  the  arterioles  over  wide  areas  of  the  bmly.  The  constriction 
is  not   general,    how^ever,    but  seems  to  affect  the  abdoiiiiaaLj>rgans 

^  Saraael  slntes  ibnt  when  ilie  rabbit's  enr  lais  recovered  from  the  lo«il  irritntion  in* 
diiced  bycrolim  oil,  it  is  not  Horeavdily  acted  upon  by  tins  pnison  agnin.  ThU  he  n»- 
cribes  ttj  some  ehanj^c  in  the  V>J(Mjd  vessels,  wliich  acq ii ire  a  toleration  for  the  irritADt. 
It  is  not  determined  whether  thin  hoh1«  good  for  other  irritating  drugs,  nor, 
whether  it  is  genenilly  tnie  for  erotan  oil. 


SKIN  IRBITAyTS  AND  COUNTEE^IBEITATIOX 


81 


ly,  while  the  vessels  of  the  lirabs  and  probably  those  of  the  skin 

BOl  cciDtnicted*     The   result   i:^  that   while   tlie  l)lo<)(l-|jros:3ure  18 

tt^itiilly  throughout  the  IkkIv,  the  rcj^istaneij'  to  thf  circulation  is 

'  in  the  atxlominal  organs  than  in  the  rest  of  tlie  liody,  aiul  more 

is  neoordmgly  supplieil  to  the  muscleB  and  skin  and  le.sa  to  the 

-'     -_--"-  than  normally. 

i\skin  irriuition  on  the  respiration  arc  less  uniform.      In 
imhbU  tlie  breathing  is  sometimes  aeeelcrated,  sometimes  .slowed  by 
1  stimulation,  while  stronger  stimuli  seem  to  slow  it  always.     The 
■y  of  the  application  of  skin  irritants  on  the  respiration  in  man  has 
L  been  observed  aeeurately,  btit  that  suddeti  stimulation  of  tlie  skin 
gus^ping  and  irregularity  of  the   respiration,  may  be  observed 
teaerer  oold  water  comes  in  contact  with  the  more  sensitive  parts  of 
hcdf. 

I  The  temperature  of  tlie  body  also  undergoes  changes  when  the  skin  "^ 
I  irritated.  When  the  irritation  is  sltghtj  an  increase  in  the  rectal 
npemture  is  often  observed  at  first,  %v[iile  a  decrease  follow^s  later, 
ton  pc»\verful  stimulatlnn,  tlie  preliminary  rise  of  temperature  is  so 
as  to  escape  observation  by  ordinary  methmJs,  while  the  subse- 
fit  fall  is  more  distinct  and  prolonged.  The  skin  tem|x?rature  is 
I  at  the  Siime  time  as  the  internal  temperature  falls.  The  expla- 
itu»o  of  thesi:^  changes  in  the  internal  anti  external  tempenitures  is 
'dmoQsly  the  altered  distribotion  of  the  blood,  more  of  which 
bws  throngh  the  skin  vessels  and  is  cooled  than  nsuab  This  results 
a  fall  of  the  internal  temperature  and  a  rise  in  that  of  the  skin, 
gh  the  warm  bkwd  from  the  interior  of  the  body  pouring  thmugh 
Miperiictal  vessels.  The  preliminary  rise  in  tlie  temiterature  has 
iheeu  explained.  The  whole  subject  of  the  alteration  of  the  tem- 
atare  through  couuter-irritation  has  [wrhaps  received  greater  atteu- 
Uoa  than  it  deserves,  if  the  observations  of  Jacobson  be  correct,  for 
bfctitkd  the  variations  in  man  to  amount  to  less  than  one-tenth  of  a 
f  Centigrade  as  a  general  rule, 

jietabolisra  has  been  found  to  be  altered  by  the  application  of 
titaots  to  the  skin,  and,  iilthongh  in  the  exjx'riments  on  wliich  this 
ateiDeot  is  based,  the  surface  ex|Kiswl  to  the  irritant  was  larger  ^iian 
t affected  in  tlierapeuticj?,  it  seems  prolable  that  some  change  is  pro- 
ceed hy  the  ordinary  agents  also.     Zuutz  and  Ruhrig  found  that  bath- 
jfAQimals  in  strong  salt  solution  increased  the  oxygen  absorbed  and 
rt        '     lii-  acid  excreted  much  more  than  bathing  in  ordinary  water, 
■>\v  obtained  the  same  result  from  I  lie  ajiplieation  of  mustard 
Witeter.     The  nitrogen  of  the  urine  is  also  said  to  Im?  increased.     This 
'CPHise  in  the  oxidation  of  the  tissues  is  of  the  same  nature  as  that  pro- 
luia^j  bv  cold,  amF  is  due  to  an  augmentation  of  the  muscular  activity, 
WfVh,  however,  is  too  slight  to  c^iuse  any  |RTcejjtible  movement, 
irritation  of  the  skin  induces  leucocytosis  in  the  same  vviiy  as  irrita- 
^^  of  the   alimentary   oiUaL     This   is  especially  eviiknt  afk'r   the 
plirjition  of  a  vesicant  such  as  cautharides  phLstcr,  wliile  rubefactlon 
^^to  have  less  eflTect     The  injection  of  irritants  into  the  sulicutauc- 
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ous   tissues    indaces   a   leucocytosis   similar   to   that  following   can- 
tlia  rides. 

.*-  Lastly,  in  e<in,sidering  tlie  effects  of  skin  irritation  on  the  general 
viUility,  it  may  be  mentione*!  that  a  sudden  applieatitiu  may  awake  the 
euii^vciotimiess,  as  is  .seen  in  the  effects  of  dibiliiug  cold  water  on  the 
c]te8t,  or  of  striking  tlie  hands  in  narcotic  jjoisoiiing.  Another  example 
is  seen  in  the  improved  mental  condition  eo  often  obscrv^ed  in  fever 
patients  ttx^ated  with  cold  baths.  This  improvement  is  dne  to  tb^ 
ehan|:^es  in  the  skin,  and  not,  as  is  often  saidj  to  the  fall  in  temperature, 
for  the  latter  is  often  insigniiieant. 

In  rabbitSj  irritation  of  tiie  ekin  causes  albuminnriaj  bnt  this  is  elic- 
it^ easily  in  these  animals  by  a  large  variety  of  procedures.  In  the 
gninea-pig,  an  animal  in  which  the  nervous  centres  seem  to  he  more 
easily  deranged  than  in  most  others,  irritation  of  the  skin  produces 
very  pixifoond  and  often  fatal  changes^  through  reflex  excitation  of 
inhihitorv  areas  of  the  bmin  (Roger). 

All  of  these  effects  are  prodneed  by  irritation  at  any  ]>oiDt  of  the 
surface,  and  are  qnite  insufficient  to  explain  the  practiced  nse  of  counter- 
irritants  to  affect  a  jiarticular  orgim.  For  example,  in  gastric  disor- 
ders a  connter-irritant  is  often  applied  just  over  the  ensiform  eartilage, 
while  in  facial  neuralgia  a  blister  behind  the  ear  often  gives  I'elief,  If 
the  benelicial  resides  were  dne  to  the  general  alteration  of  the  circula- 
tion, respiration,  or  temperature,  there  woidd  be  no  reason  to  vary  the 
]K>int  of  application,  for  the  effect  would  not  vary.  Zuelzer,  there- 
fore, attempted  to  as</ertaiu  wliethcr  the  dee|ier  tissues  and  the  internal 
organs  were  affected  by  mijicrhrial  irritation  over  them,  and  found 
that  when  eantharide.s  was  applied  to  one  side  of  a  rabbit's  back 
for  fourteen  days,  the  superfitMal  museles  nnder  it  were  congested, 
while  the  deej>er  hiyers  and  the  lurjg  were  anaemic  when  compared 
with  the  corresponding  parts  on  the  other  side.  His  treatment,  how- 
ever, led  to  necrosis  and  suppuration,  so  tliat  his  conclusions  are  not 
nnimpeachable.  Laxarns-Barlow  and  Philipps  oliserved  recently  that 
the  nmseles  on  the  same  side  as,  but  at  some  distance  from  a  bli>ter, 
were  of  higher  specific  gravity  than  those  on  the  uninjured  side,  while 
tliose  im mediately  below  the  I) lister  were  of  lower  specific  gravity,  and 
therefore  conchidetl  that  fluid  was  drawn  from  the  deeper  muscles  to 
supply  the  superficial  ones.  This,  however,  evidently  recpnres  that 
the  internal  organs  to  be  affected  must  be  not  only  contiguous,  bnt 
also  continuous  witli  those  directly  affected,  and  oflers  no  explanation 
of  the  alleged  effects  of  irritation  of  the  skin  npon  the  stomach  or 
lungs,  ^Inch  liglit  lias  l>een  thrown  on  the  subject  by  the  researches 
of  Head,  who  f<>und  that  in  many  cases  internal  disease  is  ac^eoni- 
pauied  by  a  tenderness  of  the  skin,  and  mapped  out  with  care  the  skin 
areas  corresjiondiug  to  each  organ,  In  this  way  he  was  able  to  show 
that  a  distinct  relation  exists  between  irritation  of  an  internal  organ 
and  that  part  of  the  skin  which  is  supplied  by  the  same  segment  of 
the  spinal  eonl  or  brain.  Thus  in  painful  diseases  of  the  stomach,  ten- 
derness is  often  complained  of  in  the  skin  of  the  epigastrium,  while  in 


SKIX  IRJUTAyrS  AND  COUNTER-mmTATlON. 


S3 


hI  gtricture,  pain  is  often  referred  to  a  |K>int  near  the  angle  of 
»3ipu]a  and  lo  another  in  the  neiglihorhoud  of  tlie  apex-beat. 
'  fufwrficiai  |K>ints  are,  of  euiinse,  only  cunntii'ted  with  the  diseased 
ftii  hv  means  of  nerve-fibres,  but  Head^is  observations  show  that  a 
iKHis  impulse  from  these  organs  does  not  pass  in  an  indeterminate 
Bfifr  thrrmgh  the  central  nervous  system,  l)ut  has  a  distinct  tendency 
jaflwt  tlie  ^U|>erfieial  areas  which  are  soj^plied  with  ^ennjry  nerves 
'  \  same  ^4egnleni  f*f  the  eord.  Jt  would,  tlicrefore,  K-eni  a  phms- 
Ihat  an  atfeetiun  of  these  superticial  ai-eas  may  aflect  the 

Fig,  1. 
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'  A^Htrit  iMfc  j*  dUided  iDto  segments  which  correspond  to  ioroeof  Ihi?  skin  arew  in  which  Hcsd 
■J**BKltr*«w  In  inlr-rttkl  dlneiiAeA.  I.  Arva  of  tt'iidenic*»  \h  disenB«  of  ihe  Jung*.  2.  lu  dlieiles 
'?''*<l4«ir-h     ;i    tu  ovsrijii  dbea^e.    4.  In  diN<^Oj<e  of  the  t-nlloiiiaii  tu1>o«  and  oiher  mpp€:i}d«ge«., 

|W'*»l^l>*lil,»»re  n-r*r«»rnfcd  thepoiots  of  A|»(»1u-tii[oii  of  eonrnrpr-irrlianta  in  diseoie  or  tkte  lungij 
A/»olihtitoiiacb  (if  J,  of  the  oTiiry  ( f),  and  of  ihe  utcriuc  iipi>fcbdage»  {!)). 

^^mKWng  internal  orer^in  more  than  tlic  rest  of  the  Ixidy,  and  this 
»n:u-tly  wliat  is  required  to  explain  the  benefits  derived  from  tlie  use 

c^uuikTHrritants,  It  is  especially  notit-eable  that  several  of  the 
>'«(«  which  Ileati  observetl  to  lie  afleeted  by  internal  disease  are 
f^i^ely  those  |miuts  at  w^hich  ex|>erience  has  shown  irritation  to 
''^l>^t  beneficiah     (Fig,  1.)     Tlins  the  application  of  a  blister  over 

«'pi^astrinm  has  long  been  reet>gnizcd  as  a  means  of  relieving  gas- 

'  di«)rderB,  Similarly  the  old  treatment  of  iritis  by  means  of  a 
^t^ron  tlie  temple  mav  be  justificKl  by  the  fact  that  Head  found 
'as  of  tenderness  on  the  temple  accompanying  this  disease. 
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The  exact  nature  of  the  effects  of  counter-irritation  on  the  internal 

organs  ha.^  not  beeti  ajHi'ertaiiietl,  but  it  wouki  seem  mojst  probable  thai 
an  alteration  in  the  calibre  of  the  veissek  ami  in  the  sensory  nerve*  or 
their  terminations  is  iiHhiceiL  These  alterations  may,  however,  pro- 
duce or  be  accompanied  by  a  distinct  alteration  in  the  activ^ity  of  the 
organs;  for  exani|ile,  there  seems  goo<l  reason  to  believe  that  in  many 
cases  irritants  applied  to  the  abdomen  produce  evacuation  of  tlie  bowels. 

Besides  tlicjse  physiulogiciil  effects  of  counter-irritation,  it  must  not 
be  forgotten  tliat  a  great  impression  is  prcKlueed  on  the  patient,  aail 
that  some  of  the  beneiit  may  Ije  dtu*  to  liypimtie  suggestion. 

Therapeutic  Uses. — Liical  irritants  are  a|ip[jed  occasionally  to  pro- 
duce an  alieratiou  in  the  nutrition  and  blood  supply  of  the  skin  itself 
and  of  the  subcutaneous  tissues.  Thus  in  some  chronic  inflammatory 
cnu<litinns^  with  effusions  into,  or  indurations  of  the  subcutaneous  tis- 
sues, the  improvement  of  the  circulation  pnulueed  by  slight  irritation 
may  be  of  beneiiL  An  example  of  this  is  tlie  treatment  of^ulcei^^of 
old  standing  with  irritants.  Another  case  in  which  a  stigbl  inflamma- 
tory attack  causes  very  obvious  improvement,  is  in  corneal  opacitv, 
which  may  Im  removed  entirely  in  ?;ome  crises  by  the  acute  infl^mi- 
matory  reaction  produced  l»y  sucli  irritants  as  abriti.  Probably  a 
similar  effect  is  pnnlueed  on  subcutaneous  effusious,  as  in  bruises. 
Some  interesting  experiments  on  this  subject  have  recently  been  per- 
formed by  Wechsberg,  who  induced  suppuration  in  both  hind  legs  of 
riibl>its  by  the  injectiou  of  irritants  and  tlieu  treated  the  one  leg  by  the 
apjilication  of  various  irritants  to  the  skin,  while  the  other  was  left 
untrt^ated  as  a  control.  He  invariably  found  the  abscess  of  the  leg 
subjected  to  treatment  less  extensive  and  showing  a  greater  tendency 
to  heal  than  the  other,  and  accounts  for  this  by  the  redema  induced  by 
the  skin  irritant  diluting  the  original  irritant  and  promoting  its 
absorption.  The  increased  blood  supply  must  lead  to  a  larger  number 
of  leucocytes  and  more  alexines  around  the  inflammation  than  would 
otherwise  l>e  present.  He  found  that  the  absorption  of  pigments  from  the 
rahbit\s  ear  was  much  accelerated  by  the  application  of  irritants  to  the 
skin  over  the  part,  aud  cites  this  as  evidence  that  irritants  are 
aKsorhed  more  rapidly  under  similar  treatment.  For  these  purjK>se5 
only  the  milder  irritants  are  re([uired  ;  in  fact,  vesical  ion  may  i|o  more 
harm  than  g'M>iL  Mild  irritation  niters  the  sensitiveuess  uf  the  sen- 
sory organs  of  the  skin,  and  heat  is  often  applied  to  alleviate  painund 
dise<jmfort  in  tlie  skin  itself.  In  other  instances  pain  is  ineR^ased  by 
heat,  and,  in  fact,  it  is  sometimes  applitnl  in  tlie  treatment  of  local 
aufesthesia,  with  the  object  of  reu<lering  the  sui*face  more  sensitivet 
In  many  forms  of  skin  disease,  njild  irrit^ints  are  found  to  be  of  bene- 
fit;  this  is  sometimes  attributed  to  their  antiseptic  action,  but  the 
slight  irritation  is  undotibtedly  of  some  importance. 

Counter-irritants  are  nse<^l  in  a  large  number  of  diseases,  often  with- 
out anv  definite  idea  of  what  precise  effects  they  will  elicit,  hut  merely 
because  they  liave  been  finmd  to  give  relief  in  similar  conditions.  Asa 
general  rule  they  are  placed  over  tlie  affected  organ,  and  this  corre- 
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\r  in  most  cases  of  disease  of  tlie  trunk  with  Head's  area  of 

in  troilem€8S.  In  the  head,  however,  the  segmental  arrangement 
has  been  reodered  very  irregular  by  the  aimpresMtou  in  development, 
sod  cootllifr-irritiinta  are  often  fonnd  to  be  most  effetitive  when  |)laced 
mtaoBue  distance  from  the  seat  of  pain,  i\  r/»,  }>ehind  tlie  ear  in  some 
t>f  fiuaal  neumlgia.     Tlicy  are  used  in  aeute  intlammation  of  the 

pleura,  in  gastric  disorders  aeeompanied  by  moeh  pain,  in 

aod  in  neuralgia  and  neuritis*.  Their  action  i,s  very  uncertain,  but 
application  is  often  followed  by  great  relief,  more  esi>ecially  of 
They  are  alao  us(?d  €K*casionally  in  Khoek  or  collapse,  not  for 
tbeir  rffect  on  any  individual  organ,  but  to  elicit  the  reflex  alterations 
in  the  circulation  which  liave  already  been  described.  A  blister  m 
irfWti  n'commended  in  internal  hemorrhage,  and  may  very  possibly 
lesi^eQ  the  bleixling  by  altering  the  distribution  of  the  iilootl  in  the 
iranr.,  althougli  it  in  difficult  to  estimate  how  far  tlie  improvement  is 
ie  to  the  remf'^ly  and  how  far  it  is  spontaneous.  In  order  to  produoe 
wnf  marked  effect  on  internal  organs,  the  more  jiowerful  irritants  must 
be  ttenl,  such  as  rnustanl  or  ciintliarides.  It  is  not  necessary,  however, 
to  produce  actual  vesication  in  the  grejit  majority  of  eases.  Formerly 
bmter!»  were  ojMnHNl  and  fresh  irrilanfs  applied  on  the  raw  surface  in 
firfer  to  prolong  the  etfeets,  but  this  treatment  was  extremely  painful, 
being  liable  to  set  up  suppuration  and  ulceration,  and  it  is 
labie  whether  any  equivalent  benefit  followed, 
I  ritalion  must  be  ap[>lied  only  with  the  greatest  caution  in 
tily  nourished,  or  very  old  |>ersons,  as  it  may  cause  sloughing, 
..4t<,  the  tendency  to  gangrene  eoutraindicates  blistering,  and 
to  very  young  children  only  mild  irritants  are  used. 
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S*-hinidl\4  Jnhrh,^  cxxxiiL,  p.  153. 
Vifi'h(»*'»  Arch,,  Ixvii.,  p.  166. 
Bniiti,  xvi.,  p,  1  ;  xvii.,  p.  339. 
.     Biu-I.  klin.  \Vck.4k,  1874,  n,  294. 
Wimimrmdis.      Vn*h.  f.  exp.  P»tli.  una  Pharm., 
A^.     Ar.  ti    .!r  Phyt*.  [v.]  v.,  ^^i.  17, 
StintL  ^  Arch.,  cxxvii.,  p.  467. 

Bb9.     >-  .rtic^  pp.  128-144. 

/>i^v%    i/'^n^.     An-b.  f.  Hv'i^iene,  xL»  p.  347, 
ZlM-'hr,'  f.  kliti.  Med,,  xkxvii.,  p.  300. 

An  enormous  number  of  drugs  pnKluee  irritation  of  the 
it  would  lie  idle  to  attemjit  tu  enumerate  them  here.  In  many  in- 
gCfttHCR,  however,  the  irritant  action  is  in.signifi<^ant  in  coniparis^iti  with 
tk  otlirf  f*f&ot8  pro(lnc(?d,  and  these  will,  therefore,  Ije  diseussed  else- 
wbers;  ajnoni^  tliest*  are  found  .some  of  the  alkahjitls,  the  neitls  and 
alkaUm,  and  many  other  inorganic  prepanitions.     Irritation  of  the  ^kiD 


«ikin,  and 
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may  alati  be  prtTdticed  b\\heat  and  cold,  and  in  fact  burning  in  various 
forrnB  was  fonuerly  used  as  a  im'aii?i  of  counter-irritation.  Heat  is 
still  em  ployed  to  cause  irritiiti<iii  of  the  skin  and  .subcutaneous  tissues, 
and  to  |»roaiotc  their  circulation.  TJms,  puuUiees  and  hot  water  com- 
presses are  beneticia!  in  many  local  inflammations,  thougli  the  same 
eilects  may  generally  be  obtained  by  the  use  of  the  milder  irritants. 
The  effect  of  cold  on  the  skin  is  more  frequently  demonstrated  by 
bathing,  and  will  be  touched  on  in  relation  to  the  antipyrine  series. 

^Vpart  from  those  drugs  in  which  the  irritation  of  the  ,skin  is  merely 
an  incident  in  a  wider  general  action,  there  are  a  lunuber  of  prepara- 
tions which  are  used  almost  exclusively  for  tliis  purpose*  They  nmy 
be  divided  into  three  classes:  the  volatile  irritiints,  such  as  tnrf)entinc 
oil;  the  mustard  scries,  some  of  which  are  also  volatile;  and  those 
which  arc  either  non- volatile  or  only  boil  at  high  temperatures,  such 
as  cantharidin. 

I.   The  Turpentme  Oil  Group. 

Under  the  volatile  irritants  may  be  innhuled  a  large  number  of  the 
ethereal  oils  and  many  mcml>crs  of  tlie  methane  ami  of  the  aromatic 
series;  but  among  the  ethereal  oils  those  which  possess  a  low  boiling 
point,  that  is,  those  which  contain  a  large  pro]>ortion  of  terpene,  with 
comparatively  little  (Lxygen,  are  found  to  possess  a  more  penetrating 
action  than  the  others.  At  the  same  time,  the  taste  and  odor  of  these 
oils  is  often  less  pleasant  than  that  of  the  others,  so  that  they  are  less 
used  as  Havnrs  and  carminatives.  The  oils  derived  from  the  Coui- 
fera?  have,  for  this  reason,  been  more  largely  used  tlian  the  others  for 
their  eifect  on  the  skin,  although  several  other  volatile  preparatioiis  are 
recognized  by  the  pbarmacojKcia  for  this  purjKDse.  The  action  of  these 
oils  is  similar  in  other  respects  to  that  of  the  general  group  (see  p>  61), 
so  that  it  need  not  be  discussed  here. 


PftEPAItATJON?^. 

Terebmthina^^  tnrpf  ritine  (U.  S,  P.),  Thus  AmericanuEi,  Fnuikineense 
(B.  P.),  a  coacn  t'  'N  "jesiii  obtained  from  Piims  puliLstris  and  other  speeies 
f>f  l*iims. 

TerebinthiEa  Canadensis  (U.  8.  P.,  B.  P.),  Canada  balsam,  a  liquid  oleo- 
resin  obtjuaod  from  Abies  bakamea. 

Pix  Burgundica,  Bmxoady  Piicli  (IT.  8.  P.,  B.  P*),  aa  oleoretsin  derived 
from  Ahieji  exeelsii,  Norway  spruce  fir,  contains  less  volatile  oil  than  turpen- 
tine. 

OLEUMTERp:BiNi'niX/E  (U.  S.  P.,  B.  R),  oil  of  turpentine,  a  volatile  oil 
dislilled  from ~t u r pen tuie,  0.1-0.5  c,c\  (2-8  rains.) ;  as  an  antlKimiutie,  8-15 

Oieum  Terebinihiiue  Eectificatum  (U.  B.  P«)  m  formed  from  ordinary  oil  of 
turpentine  l>y  redistil  bit  ion  with  Ihne  water,  in  onier  to  remove  uny  aetds 
and  resin  wliich  may  lie  eontuined  in  it.  It  eonsir^ts  of  a  mixtureof  terpenes 
(C\,jH,J,  Afler  lon^  standing  it  undergoes  pnrlial  oxidation  among  other 
ehangcs  and  eontuins  some  oxidizing  sutjstanee  which  was  formerly  fcup- 
posed  to  be  ozone. 

Linhnenhim  Terehinfhinw  (V,  S.  P.,  B.  P.). 

Lhthfiintum  Terehhithmie  Aceticum  (B.  P.)  is  formed  by  mixing  turpentine^ 
glaeial  acetic  acid  and  camphor  liniment. 
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Jfi^Mniin  Ficis  Burgundkm  (U.  8.  R). 
£i^ii£a«/ruiii  PicU  {B.  P.)^  pitch  pliister. 

~'  i  (B*  P.),  the  oi[  distilled  from  the  fresh  leaves  of  Piniis  pumilis. 

(U.  S.  P.,  B.  P.),  a  liquid  forme<l  from  oil  of  turpentine  by  tlie 

of  sulphuric  auid.     It  consists  of  a  numlMT  of  terpeoes,  ooe  of  which 

l6t ;  Uince  known  as  terebene.     Its  odor  is  more  pleasant  than 

IIkI  c;  I  lie  oil,  which  it  closely  rcHcrables  in  most  other  points.     It 

4ow  not  t^iusc  any  rotation  of  a  ray  of  polarized  light. 

Terpiui  Hydras  (U.   S.    P.).   terpiu  hydrate,   is  a  crystalline  substance 

OH).  ^  H^O)  derived  from  oil  of  turpinilirie  by  the  action  of  nitric 

.1  thf!  presence  of  alcohol  and  water.     It  possesses  almost  no  otlor^  is 

mmiable  in  witter^  and  melts  at  a1>out  IIG'^  C, 

SftblllA  (U.  S.  P. ),  the  tops  of  Jnui perns  sabina^  savine^  coutalna  as  its  ac- 
^priactple  OK  Sabiuie,  a  volatile  oil  which  resembles  that  of  turpentine 
it  mxky  re^^pects,  but  is  not  identi*'al  with  it, 

Qlffiin  iT"^^?^^  (U,  S.  P.,  B.  P.),  oil  of  Juniper,  is  derived  from  the  jiini- j 
gbcrrks  and  consists  mainly  of  ter|>cne^.     Dose,  0.03-0.2  c.c.  (J-3  mios*).  I 
Suiritu^  Junioeri  (U,  8.  P,,  B.  P.),  1-4  cc.  (15-60  mins.).  J 

^^u*  Juniper i  Q>mpo»itm  (U.  8.  P.),  4-8  c.c.  {1-2  fL  drs.).  / 

[a  addition  to  these  preparations  the  following  may  be  mentioned  here  as 
p(B»»«iag  similar  action  and  uses. 
Liniiii^iiDi  Chhroformi  (U.  S.  P.,  B.  P.). 

I  tMmntum  Camphone  (U.  K  P.,  B,  R). 
H    llMimmtum  Camphone  Ammoniahim  (B.  P.). 

H    UmmaUum  Sijponig  {[].  S.  P  ,  B.  P:)^  ver^_slightly  irritant, 
Y       BrnpinMtntm  Amks;  (U.  S.  P,).  *    '^^ 

B        fh^tum  Camphone  (U,  S.  P. ). 

TlieTapetitic  Uses. — Tiirpentine  oil  is  used  ext<^rnally  as  a  robefacient, 
Hill  dlifcrs   fn>ni   mustard  and  catitliaricliii  in  its  ^reat*?r  penetrating 
•jff^T.     It  is  not  St*  irritant,  however;  it  blisters  only  after  long  appli- 
itiau,  and  the  vt^ication  prmJuced  is  very  paiiirul  and  licals  slowly, 
tllie  vapor  penetrating  into  the  deeper  tissues.     It  is,  thereft)re, 
tiyed  to  produce  rnbefaetion  only,  and  ought  to  be  removed  wlien 
I liiU  iis  attained.     For  this  purpose  any  of  the  liniment.^  of  the  grou^> 
^be  employ€*d,  or  a  more  intense  action  may  be  got  from  the  *'  tur- 
j stupe,"  which  is  made  by  dipping  flannel  in  hot  water,  wringing 
inr,  and  then  dropping  wann  turpentine  oil  on  it.'     Tjirijentine 
tparations  are  used  especially  in  rheumatic  affections  of  tlie  j<ituts  or 
btHctes^aad  in  sciatica.     The  oleoresiiis  may  be  formed  into  ointments, 
'planters,  and  U!*ed  as  feeble  stimulants  in  skin  diseases.     Tnr|K'n- 
M»e  oil  is  a  fairly  strong  antiseptic,  and  is  less  irritant  than  many  of 
•  mon?  powerful  ones.      It  is  often  inhaled  in  Inng  diseases  such  as 
^fervuh^is  or  gangrene,  ami  has  the  effect  of  lessening  the  odor  in 
[Uie  Utter;  ihe  oil  may  l>e  simply  allowed  to  evaporate,  but  is  miieh 
ifffieient  when  spniye<l  into  the  oir.     Many  of  the  resorts  for 
Real  jjatient^  are  stated  to  be  rendered  especially  suitable  for  the 
K^aiitient  of  this  disease  by  the  neighborhood  of  coniferous  forests, 
Jm'h  ^ire  supposed  to  dissipate  the  oils  into  the  atmospliere  ;  but  this 
^-* pix^liably  only  an  insignificant  factor  in  the  treatment.     Turpentine 

I I  .'^eohol  hfts  recently  been  applied  in  a  similar  way  in  phlegmon  and  other  forma  of 
J'wniajatioii.     Gatize  in  doiikea  in  alcohol  ( 60-%  f  h-T  cent. ),  wrung  oat,  woand  round 

*%ted  part  »od  covered  wUh  cotton  and  *>il-cluth. 
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oil  IS  oocasioimlly  adde<l  to  baths  iu  order  to  ciiuse  a  slight  gel 
stimulation  of  the  skin,  which  may  be  of  benefit  in  Bonie  ^m  dis^ 
and  also  in  general  debility  under  certain  conditions;  and  pine-needl 
baths  have  some  reputation  in  Germany  for  the  same  reason,  the  \v 
being  supposed  to  extract  the  oil. 

Internally,  turpentine  oil  is  occasionally  employed  as  a  verrai 
but  \s  inferior  to  other  preparations  used  for  this  purpose.  A  few  dropj 
are  often  added  to  purgative  enemata  to  increase  their  efficiency.  It  ha^ 
been  given  by  the  raouth  iu  order  to  lessen  flatnlenec  and  to  dieinfee^ 
tlie  intestine  in  various  diseases,  among  othei^^  typlioid  fever,  althougli 
its  value  here  is  disputed.  Preparations  of  turpentine  oil  and  juoipel 
are  reliable  and  fairly  jwwerfu!  diuretii^,  but  must  not  be  prescrilxH^ 
in  irritation  of  the  kidney.  The  turpentine  jireparations  have  a  cer^ 
tain  reputation  as  expectorants,  and  tert4>ene  has  been  especially  ad-< 
vised  tor  this  purpose  ;  they  ai-e  also  given  internally  as  pnlmonarjj 
disinfEKitants.  In  some  forms  of  neuralgia  their  internal  adniinistratioii 
has  been  found  beneficial,  and  oil  of  turjientinc  has  been  used  i^ 
internal  hemorrhage,  but  \s\i\\  donbtfnl  results. 

<Jil  of  turpentine  \vas  formerly  l>elieved  to  form  ozone  when  it  had 
been  long  exj^osed  to  the  air,  and  old  oil  of  tnr]ientine  was  therefore 
rei'om mended  in  cases  of  phosphorus  |M)isoning,  as  it  was  supposed 
that  it  would  oxidize  the  pliosphorus  in  the  stomach  and  thus  rendeJJ 
it  innocuous.  Recent  in%'estigiitors  have,  however,  iailed  to  deted 
ozone  or  peroxide  of  liydrogen  in  turpentine,  and  have  not  been  able 
to  confirm  the  older  statements  regarding  \{s  efficacy  in  phosphorus 
poisoning.  ^h 

BiBLiooRArHY.     (Sce  page  72,)  ^| 

Along  with  these  may  lie  raentioned  a  series  of  restns  which  huA  e  some 
sli^4it  irritating  eliect  on  the  skin,  and  have  bceo  used  in  the  treatment  of 
skin  diseases, 

Reaina  (U.  8.  P.,  B,  P.)*  resin,  colophony,  is  the  residue  left  after 
ing  off  the  voiatile  oil  from  turpentine. 

Ceratnm  RemmE  (U.  8.  P.). 

Emplmirum  Rest  me  {U.  S.  P.,  B,  P.),  adhesive  plaster. 

Ungiientum  Rriiinse  (B.  P.). 

Gaibanum  (B.  P.),  a  gumreshi  obtained  from  Ferula  galbaniflua  and 
prohably  from  other  species.  It  contiiins  some  volatile  oii^  gums  and  resin. 
Dose*  Tj^lfi  ^^rs. 

ritiila  Gatbani  Compo»iia  (see  AsafoJtida). 

Anunoniacum  (U.  8,  p,,  B.  P.),  a  gomresin  ohtained  from  Dorema  Am- 
moniacum,  and  containing  a  small  quantity  of  a  volatile  oil  with  au  unpleae^ 
ant  odor. 

Empfastnini  Ammoniaci  et  n^drargyri  (IT.  S.  P.,  B,  P,). 

Emu  hum  Ammnmaci  (U.  8.  R)|  15^30  c,e.  (J-l  fl,  oz.).  - 

Mhtitra  Ammoniad  (B.  P.),  |-1  fl.  oz. 

CJuaiaci  Lignum  (U.  8.  P.,  B.  F,\  the  heart •  wood  of  Gnaiaeum  oflReinale., 

Gvmtici  Remna  (U.  8.  P.^  B.  P.),  the  resin  obtained  from  Gnaiacum  offici- 
nale, contains  several  resinous  acids,  some  volatile  oil  and  gums.  It  is  col- 
ored deep  blue  by  oxidiziajc  agenti*, 

Tinctura  Gttamci  (U.  8.  P.),  4  c.c.  (1  fl,  dr.), 

Tincfura  Gnaiaci  Ammonfata  (U.  8.  P.,  B.  P.),  2-4  c.c.  (J-l  fl.  dr.). 

MmtuTQ  Guaiaci  (B.  P.),  J-1  H.  oz. 
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§mm  Guaiaci  Resiiue  (B.  T.),    euch  contaiiiiij>r  3  gr&. 
insili  (not  offioml)  is  obtuuied  from  a  Diiinl>er  of  trees  of  the  order 
und  contains  volatile  oil  and  re?»ius. 
Vtij^urnium  Elcmi  {not  official). 

HjnkA,  (U.  S.  P.,  B.  P*),  a  jarumrej^in  obtained  from  Comraipliora  Myrrha 
J.i?.  ?.)t  (toth  Balsamodendnm  Myrrha  (B.  P.),  containing  a  small  quantity 
rtoktile  oiL 

\Tb(fum  Af^hsp  (V,  a  P,,  B.  P,),  2-4  c.c.  (J-l  fl.  dr.). 
[mitt  Ahf^  €t  Mymhw  (U.  8.  P.,  B.  P.). 

Tiiuium  Aloc9  et  Mtfrrhse  (U.  S,  P.). 
I  Jfitfum  Frrri  Compoifita  (U.  8.  P.). 

I  X&nj  other  rtf^ins  have  been  used  in  therapeutics,  hut  have  been  ahan-J 
\a  fate  b>' which  the«e  survivors  8eem  lo  be  tbreatcned.  They  are 
otially  uisexl  externally  as  mild  irritant  apiilieations  in  skin  ajrections. 
nam,  Ammoniacum^  Guaiacum  and  Myrrh  have  been  used  internally 
nanny  different  pur|>oses,  an  expeeinraiits,  diaphoreticKj  dioretirisi,  aiien- 
,  titii  have  enjoyed  a  reputation  in  the  treatment  of  amenorrhcea»  They 
i»5  !«•  iii^d  to  suspend  insoluble  hudies,  as  the  gum  contained  causes  them 
)form  rmulsions  when  water  is  adderl. 


H.   Mustard. 

Mn-itard  occurs  in  two  fr»rms  in  tlie  phaniiiicopcpias,  ElaeJiJilmtiirfJ? 
'  ^li^iiifjraf  and  White  Mustard,  Sinapis  alba.  Black  Mustard  con- 
taiti  a  glucoside,  P^oia^udiuti  Mj/rotiatr  or  Sinif/riftj  and  a  ti^rinent, 
ilfrmn,  which  (leoompoiica  it  in  the  presence  of  water  into  dextrose, 
|pita3siiira   bisulphate    and   allyl-isostdphocyanate  or  volatile   oil    of 

SinigriD.  Volatile  oil. 

Volatile  oil  of  mustard  ii*  formed  in  various  other  Cruet fene  when  they  are 
^B«i»-4with  water.      Thus  h*n>ie radish  root  (Armoracia.  B,  P.)  contains  it, 
Uhi^  allied  siiecies  ('oehlearia  ollieinulis  apparently  ecuitaius  the  eorre- 
Dg  i^obutyl   eompound,      ttarlie  {Allium,  V.i^.  P.)  is  also  beheved  to 
la  «;ma11  quantity  of  mustard  oil,  although  this  is  disptxted  ;  in    any 
Ulie  aaiount   is  too  small  to  induce  much  irritatioii,  although  garlic 
\  are  sometimes  employed  in  domestic  medicine. 

White  muj^tard  contains  another  glucosulc,  Shtaihhi^  which  i^  also 
Nf'crjfupisiHl  liy  the  Mip-ostn  in  the  presetiee  of  water.  The  product s 
rin&tntircfy  differeot,  however,  dextrose*,  sulphate  of  sinapine  (an  alka- 
Moid),  and  an  oil  of  mustard  containing  an  aromatic  mickus  being 
[formed, 

8in&1l)iR.  Oil  nf  Mustard.  Sina|iinp  Sij]i.hatt\ 

CWM**N'rSOi.  =  t;ji,(on  )CH,NCS  +  CiJL,XO,H,SO,  +  c,H„o^ 

The  oil  of  white  mustard  differs  from  that  of  the  black  in  being  less 
Mrrilaut,  and  in  being  dcstroyetl  by  heat. 

I  Action. — Either  of  these  oils  is  intensely  irritant  wlien  applietl  to 
I wi^  skin,  ami  if  left  long  enough  produces  blistering,  which  is  more 
Ipamfn]  ii^jijj  ^i^rj^  causcfl  by  cnntharides,  and  is  said  to  heal  le^s  readily, 
[^"'^Uprolmbly  dtie  to  the  oils  penetrating  more  deeply  into  the  ti.ssues, 
"^<ithu8  settiog  up  more  extensive  inflammation.     Mustard  is  accord- 


-1 


90  ORG  A  NIC  S  UBSTANCES  ACTING  LOCA  L  L  Y, 

ingly  used  only  to  induce  rubefsictioD,  and  ought  to  be  removed  befl 
actual  vesiciition  occurs.     When  the  erode  drug  is  moistened  and  | 
plknl  to  tlio  skill,  the  oil  is  forme«l  only  «luwh%  so  that  the  lon^ 
remains  ai)plied,  the  more  intense   U  tlie  uetioii.      Tlie  glycoside 
tiiemselves  have  little  or  no  action,  ami  the  prmluct^  of  their  de 
position  arc  harmless,  with  the  exeeption  of  tlie  oils. 

rHEPAKATl*)NS. 

SinapiB  Alba  (IT.  B.  P.),  Binapis  Albse  Semina  (B.  P.)^  the  dried  ripe 
,  of  B rassiea  a  1  ha . 

Smapis  Nigra  (IT,  8.  P.)»  Smapia  Nigrae  Semina  (B.  P.),  the  dried  T\p< 
seeds  of  Brnssira  nigra. 

SinapU  (B,  ]\),  a  mixture  of  the  powdered  seeds. 

Charta  SiNAPis  (W  S.  P.,  B.  P*),  imiahird  powder  rendered  adhesive  b^ 
India-ruhberj  appHeil  to  sheets  of  paper  and  dried.  The  U.  S.  P.  prepares 
lion  is  formed  from  the  hltiek  mustard,  the  B.  P.  from  a  mixture  of  the  twoa 

Oleum  Shmp'm  Volatile  {V.  S.  P.,  B.  P/),  derived  from  hlaek  mustard. 

Linimrft(tifH  Sinapis  (B.  P.),  formed  from  volatile  oil  of  mustard,  eamphcH 
and  caistor  oil. 

Linimentum  SiTtapis  Compositum  (U.  S.  P.),  coutams  %'olatile  oil  of  mustanM 
me/ereum  and  camphor; 

Uses, — Mustard  m  largely  used  as  a  eondirneot  and  to  promote 
appetite,  but  is  never  prescribed  for  this  purpose.  In  large  quant iti^^ 
it  eauses  violent  irritation  of  the  stomach  and  bowel,  with  voniitin: 
[>nr^ing,  acute  pain  and  tenderness  in  the  abdomen,  and  collaps( 
Mustard  and  warm  water  is  a  convenient  eroetie  in  emergencies^  as 
ca.^es  of  jjoi.soning. 

The  plaster  or  leaf  (charta)  is  the  form  in  which  it  is  generally  usea 
in  therapeutic^.  It  contains  the  glucoside,  which  is  slowly  decom poser! 
by  lh(^  ferment  when  the  plaster  is  dipptnl  in  warm  water  for  a  few  min-^ 
ntes  Ijefore  application.  Another  jiopular  application  is  the  mustar» 
poultice,  in  whieli  p<:twdered  mustard  is  sprinkled  on  an  ordinary*" 
jwultice.  Mustard  is  also  added  to  baths  occiisionally  when  slightC 
irritation  and  consequent  congestion  is  desired  over  a  large  surface^ 
For  this  purpose  2—4  teasjK>onfu]s  of  the  dry  powder  are  added  for" 
each  gallon  of  water.  In  preparations  t»f  mustard  it  5s  important  to* 
avoid  a  temperature  of  over  00"^  C.  (140°  F.),  as  the  ferment  is  de- 
stroyed abov^e  this.  The  plaster  is  left  on  the  skin  only  for  1 5  to  30* 
minutes,  when  it  is  used  as  a  rubefacient. 

I 

Thiosinamise  (CBKH.NHC.H.^)  is  formed  from  volatile  oil  of  mustard  by^ 
the  action  of  ammonia  and  ak-ohol,  and  has  been  advised  to  remove  the  scar* 
tissuu  lell  after  lupus  and  exteusive  hunia  of  the  skin.  It  is  applied  as  a^ 
plaster  or  injected  dissolved  in  2  parts  of  glycerine  and  8  of  water.  The* 
action  ha»  not  been  explained^  hut  is  said  not  to  be  doe  to  inflammation. 


I 


Another  series  of  Joeal -ir ri ta u t s  comprises  gonryolatile  snlistancesT 
of  which  cantharidiu  is  tlie^bestlTnown,  It  is  the  anhydride  tif  can— 
tharidic  acid,  which  does  not  exist  itself,  but  the  salts  of  which  ar« 
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awl  from  cantliariclin  by  the  action  of  bases.  Cantharkliri  is  ri*|>' 
•jiU'd  by  f',^,H,/);,  and  is  a  derivative  of  beuzoL  Its  aetiun  un 
Li-ntral  nervous  system  resembles,  it  is  stateil,  that  nf  the  odirr 
tillers  of  that  series,  but  is  of  no  imjwjrtancc  in  comparison  with 
local  irritant  effects*.  Cantharidin  is  found  in  Spanish  fly  (Cao- 
-unioria,  or  Lytta  vesicatoria)  and  in  several  allied  species  of 
4  (beetles), 
AdEKUL — The  irritant  aetion  of  eantharidin  and  of  many  orlirr 
1  was  formerly  supposed  to  l)e  diu*  to  its  being  an  anliydride, 
llttt other  anhydrides  have  no  siifdi  sfwH-iiic  action,  and  the  canthari- 
jilt©  are  quite  as  powerful  as  cantharidin. 

Animals  vary  very  considerably  in  the  degree  in  which  they  react 

I  to  cantharidin,  the  most  noted  example  being  the  hedgehogj  which  is 

a|abltMif  surviving  a  dose  of  the  jK^ison  sufficient  to  poison  an  adidt 

[Hixn,      Fowls  and  rabbits  also  jx)ssess  a  higli  degree  of  c(mgenita! 

for  this  poison,  although  none  of  these  is  absolutely  insus- 

Je  to  it. 

Apjilied   to  the  ^hiy  cantharidin   produces  redness,  smarting  and 

hrftin^  followed  very  soon  by  small  vesicles,  which  later  coalesce  into  one 

[kr^  bligten     This  is  much  less  painful  than  the  %*esieation  produced 

1,  because  less  of  the  irritant  penetrates  into  the  deeper  tis- 

\xi  the  case  of  tlie  volatile   mustard  oil.      If  the  blister   \w. 

[V»km,  however,  and  the  unprotected  dermis  be  allowed  to  come  in 

f  mntairt  with  the  irritant,  viftlent  iurtammation  with  much  pain,  suppu* 

ftti<»n  and  oven  sloughing  may  follow. 

When  large  quantities  of  cantharidin  are  given  inb^rufdhf^  the  same 

j  ixritajil  action  takes  place  along  the  alimentary  tract.      If  taken   in 

iolotioo,  blisters  arise  in  the  mouth  and  throat,  and  the  pain  and 

fvellin;^'  in  the  cDsophagns  may  be  so  acute  as  to  prevent  swallowing, 

[Theirrilation  of  the  stomach  produces  vomiting,  followed  by  purging 

I  excruciating  pain  in  the  abdomen,  and  all  the  symptoms  of  shock 

f»l!ai>8e. 

Ojntharidin  is  abso  rt>ed  from  the  al  i  m  en  hi  ry  ca  na  1 ,  and  alse^tCL^  Icsn 
Dt  frorn~thB~skTn,  butHias  no  important  action  on  the  internal 
^  ^  3Tth  the^exci^ption  of  those  l>y  which  it  is  eliminated.  The 
"part  is  often  accelerated  in  poisi^ning  in  animals,  l>ut  Inis  been  slowed 
w  some  eases  in  man,  wliile  in  others  it  was  rapid  and  feeble.  Tlie 
'^piration  becomes  rapid  and  dystmoeic  some  time  before  death,  and 
^^  confusion,  dcejientng  into  coma  and  convulsions,  indicate  a 
^pe<';fie  action  on  the  central  nervous  system.  Vomiting  also  occurs 
on  ^ulK'utaaeiJUS  injection,  but  the  presence  of  ulceration  of  the  stomarh 
^nd  of  (|iarrh<ra  when  it  is  absorbe<l  from  tlie  skin,  indicates  that  stinie 
'jf  the  poison  is  excreted  into  tfie  alimentary  tract,  and  the  vomiting  in 
these  castiQ  may  therefore  be  of  j>t*ri|iheral  rather  than  of  central  origin . 
Jn  the  process  of  excretion,  cantharidin  has  tlie  same  etfects  on  the 
I  ^^•X'^ns  involved  as  on  those  of  absorption.  These  effects  are  seen 
loniviij  ^ji^  genito-nrinar}'  tract  in  the  vast  majr^rity  of  cases  of  p<  ison- 
"^*    Conaparatively  small  nuaatities  irritate  the  bladder,  and  cou  e  a 
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constant  desire  to  micturate,  with   [miii  in  doing  so.     In  somewhat 

larger  ainoimt  it  si^ts  vip  an  at-ute  nephritis  with  albnniintiria,  pii'm  m 
the  kidney  region*  and  soniutitne«  blood  in  the  urine.  The  iutlam- 
raation  of  the  bladder  and  urethra  pnxluces  intense  pain  and  often 
priapism  ;  in  women  abortion  is  said  to  o<:cnr  oceasionally,  and  in  bothi 
sexes  the  irritalion  may  lead  to  increa.sed  sexual  desire. 

The  irritation  of  the  kiihieys  by  small  doses  increases  their  secretion, 
and   oantharides  was   therefore  considered  a  diuretic  formerly.     The 
tendency  to  produce  nephritis  renders  it  a  dangerous  internal  remedy, 
however^  and  its  diuretic  power  is  qnite  insignificant  in  comparison  ^ 
w^ith  that  of  cafleine. 

PrtEP  A  RATIONS. 

CaittLarjj  (IT.  S.  R^  B.  P.),  Spanish  Fly,  the  dried  beetle,  Cantharis  vi 
calona, 

CERATUM  i'ANTHARIIiIS  (IT.  S,   P.). 

Chllodiujii  Ctnttharidalitm  (U.  S.  P.), 

Tinchtra  CanthandiA  {V.  S.  P.^  B.  l\),  0.1-0.3  c.c.  (2-5  mius,). 

Emi'LASTRUM  pR'is  Cantharidatim  (U,  S,  P,),  formed  by  the  mixturfl  j 
or  the  cerate  with  Bnrgimcly  piteh.      It  li*  much  less  irntaut  than  the  cerate, 
hut  somettxucs  produrefl  hlisterinj^,  if  iipplied  for  a  long  time, 

EiMrLASTRITM  Canthariois  (B.  P,). 

Em  PL  AST  RUM  Calkfacikns  (B.  P,),  wanning  piaster. 

A  ret  am  (\tntharidis  (B,  P.), 

I'ngttrutam  Catitharidis  {B.  P.). 

Collodiufn  J'tHicanH  (B,  P.). 

Liquor  Kpi^paHiicus  (B.  P,). 

Therapeutic  Uses, — Cantharides  is  at  present  used  almost  exclusively 
as  a  skin  irritant,  and  more  partii-ularly  as  a  vesieant.  In  the  Uniteil 
States  the  eerate  is  generally  nsed  fur  this  purpose,  and  is  applieil  lo 
the  skin  by  means  of  adhesive  plaster;  the  eonvspondiuj^  prepy ration 
of  the  B,  P.  is  the  cantharides  plaster.  It  is  to  be  noted  that,  in  order 
to  produee  actual  hi  is  te  ring,  tlie  plaster  has  to  remain  in  contact  with 
the  skin  some  8—10  hours,  hot  an  equal  effect  may  be  achieved  by  re- 
jvlaeing  the  jvlaster  hy  a  hot  poultice  after  4—0  hours,  when  the  skin 
irritation  lius  reached  the  stage  of  retlness.  Cantharides  is  also  used  to 
cause  rnbefactiou  and  eonuneneing  vesication  (flying  blister);  this  may 
be  done  by  the  use  of  these  preparations^  or  by  means  of  the  cauthari- 
dated  jntcli  plaster,  U.  S.  P.,  or  the  warming  plaster,  B.  P.  Blister- 
ing €ollodi«m  is  used  rarely  in  unmanageable  cai^es^  in  which  there  is 
a  risk  of  the  plaster  being  removed  by  the  patient.  The  ointment  is 
said  to  induce  blistering  sooner  than  the  plaster.  ^M 

Cantharidin  is  liable  to  be  absorbed  frotn  the  skin,  and  its  applica- 
tion is  therefore  avoided  where  there  is  any  tendency  to  renal  inflam- 
mation. M 

Cantharides  has  been  used  not  iufrt^quently  as  au  aphrodisiac,  and" 
several  cxises  of  poisoning  have  occurred  from  its  administration  for  this 
purpose.     In  cattle  it  is  largely  employed  to  this  end  in  some  coun- 
tries, and  in  man    it    has   undoohtedly  similar   etfccls   in   some  cases 
through  the  irritation  of  the  bhulder  and  urethra,  but  its  use  for 
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ip^paw  »  •JiTBjs  liable  tu  produce  nephritic.  As  an  emiueiiag^igiie, 
has  a  certiiin  pupular  reputatiop,  which  however  hjis  l>eeii 
(0  be  Qomerited,  any  influence  which  it  may  jiossess  on  the 
"  flaw  beiog  quite  insignificant,  and  probably  due  only  tu  the 
firritition  of  tbe  bladder  and  urethra. 

Cftotliahdes  has  been  advised  internally  in  some  fonni^  of  renal  and  vesical 

'"—  'vt  it  IS  an  exc<?ediTigly  dangerous  remedy  in  the?se  conditioii!4.     In 

'Jch  proposed  the  treutinent  of  tubePfulous  aflTectiuDS  with  iiin- 

.»..  ..liLuox^.'S^  in  the  belief  that  the^e  would  caiL^'  an  int1ammator>'  reaction 

MBwl  the  diseased  nodules,  and  w^onld  thuft  lead  to  their  bi^ttig  destroyed 

uf  Pi^rvnfidiii^  In  cicatricial  tiJiiftue.     It  has  not   been  determined  whether 

I  acti  more  jxkwerfiilly  on  irritated  tissues,  such  an  tho^  around 

v.,  ,u..i^ei*,  but  experience  hiis  shown  that  no  benelit  followed  Liebreich*s 

klmtrnfut,  while  in  several  ca^ie?*  severe  nephritis  resulte<l  from  the  injection^ 

[Mfltiif  method  has  therefore  fallen  into  di^^use. 

Cmlharides  is  sometimei*  a  constituent  of  hair  washes,  *t»  irritant  action 
I  Mt^skin  being  credited  with  causing  a  more  rapid  growth  of  the  hair. 

h  ms^  of  Poisoning  with  can tha rides,  the  stomach  ought  to  be 

[  HDptiwl  as  rapidly  as  possible    by  the   stomaeli   tulK%   piiividecl   the 

'^••jjilMig^tis  allfiws  <»f  its  passage.      Demulcents  and  allniniinous  .suh- 

jitaiicv*  arc  of  use  in   slowing  the  abpiorptioUj  but  all  oily  or  fatty 

Wwsmnst  be  avoided,  as  they  tend  to  di,Si^olve  the  eantharidin  and 

I  febs  promote  its  absorption.     Opium  may  l>e  given  for  the  pain,  and 

'  iffolbpae  sets  in,  the  i>rdinary  mca,sures  must  he  taken  to  combat  it. 

Foiflon  Ivy  and  Poison  Oak. — Tiie  cnmnioiiest  form  of  ptiisonintr  in 

ihff  L'nited  Smte^  i»  the  tnkiii  erujition  produced  by  tbe  leaves  of  |>«iison 

IhTarul  piison  imk  (Rhus   toxiciHb'ndron  and  venenata)  whidi   Plhff 

-ly  shown  to  l>e  due  to  the  presence  of  u  neutral  IkmIv,  To^d- 

.  resembling  cU>jH*ly  the  otiier  members  of  this  jj^nmp.      Tlie 

ItectH  of  poison  ivy  can  arise  only  fnjoi  touching  tlie  plant,  tbe  |>oison- 

iDcipIe  not  l^ing  volatile.      Very  minute  quantities  of  toxieo- 

W  are  sufficient  to  prnduee  skin  eruptions,  however,  T^\Ky  nig, 

%\i    '■       I  t  symptoms  in  suseeptible  persons.      Tlu'  popiifar  belief 

tions  can   Ix;  in<Iuee<l  by  appnmebing  the  plants  wiibout 

iuaUv  touehing  it,  is  probably  accoinited  for  by  the  iaets  that  tlie 

l^niptiun  may  be  very  late  in  making  its  appearanro,  and  that  poison 

^  ivy  in  very  fn^uently  niistaken  fur  liarmless  eliiiibing  plants. 

In  the  dermatitis  from  pois*m   ivy,  Pfafl"  rcnunmeuds  tliat  the  skin 

IIP  washed  and  scrubWd  witli  soa])  and  water,  or  witii  aleubul,  or  a 

«^liuIon  of  lead  acetate  in  alcoboK    Ointments  and  oily  liniments  are  to 

ibeavoiJed,  as  they  dissolve   the   tnxicodendro!  and   tend  to  spread  it 

&vtT  the  skin  and  thus  procluce  furtlier  inHanimation,      For  the  same 

D,  the  alcohol  used  to  wash  tbe  part  must  be  removed  entirely,  as 

oiiJODous  principle  is  soluble  in  it,  while  insoluble  in  water, 

^vopnl  little  known  substances  may  be  classed  along  with  nnitharidiii, 

n*'mcb  thfiy  resemble  in  their  violently  irntatnig  ellWI^  on   tlti-   skin  nnd 

J»y*'owH  membranes,  and  in  beinjij  non-volatile.     They  are  of  lit  lie  impor- 

tanceit}  thempeutieSj  but  Dut  infrequc'Utly  give  rise  t<:)  aecidentul  imisoning. 
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A  number  of  the  RauunculaceaB  order  ure  iinlantis,  and  this  has  been  bfe* 
Ijcvcd  to  be  due  to  their  containing  Anemonin^  C,  lI^O^j  which  is  closely  con  — 
nected  to  euntharidin  in  its  chemical  i?tructtire,  IniL  this  hai*  been  dispiite<i 
reeently  by  Broiidgeeijt,  who  asserts  that  this  bo<!y  is  a  convulsive  puihon* 
Noel  and  Lambert  also  state  that  anemonin  is  not  the  irritant  conJained  in 
Anemone    imlsiitillii,    whieli   owe;^  its  irritant  eH'eets    to  some   other   more 
puisonoys  eoiistitnetd.     In  Mexerenm^  Bnchheim  found  an  anhydnde  whieU 
he  terme<l  Mczerein^  l>nt  Hpringenlelflt  Estates  that  the  uetioii  is  due  to  an  oil 
and  to  the  aei«t  wbieh  it  eontaint*^  whieh  re^emblf  eroion  oil  and  erolonoleic; 
aeid  in  their  edects.      Catdoi^  foirrid  in  the  fruits  of  Anaraidium  ueridental^ 
and  in  Semecarpus  anacardiumy  i.s  a  very  powerful  irritant*  and  has  been  use<i 
to  a  limited  extent  as  a  vesiraut,     Canloi  ih  probably  a  mixture  of  a  numbei" 
of  syb4anees^   but  it  h  unknown   to  which  of  these  it   owes  it^  activity- 
Enphttrhiii  is  siiid  by  Buchheiui  to  be  the  irritant  piineiple  in  the  EuphorbiiB'^ 
resin  (Euphorbia  resiuifera,  etc  ),  and   to  iTsend>!e  canthariLlin  in  its  anhy- 
dride form,  but  the  salts  and  the  eui»horbic  add  which  is  formed  from  thenL 
by  acids  are  inactive,  while  I  he  salts  of  4*anlharidic  acid  are  irritant^  and 
eaotharidin    is    reformed    when    they    are    broken    up    by    acids.       A    very 
I      pnisauous  member  of  the  Euphorbiacea^   is  the  Manicheel  I ree^  growing  in 
1      the  West  Indies,  and  it  apparently  belongs  to  this  series. 
I  Capsicum  contains  one    or  more    non  volatile   irritant   substances   which 

'      probably  resemble  the  t>rinciples  of  this  series  more  closely  than  any  other. 
I      t'ai)sicnm  is  used  in  small  (juantities  iulernally  and  has  therefore  been  men- 
tioned liking  with  the  pe^iper  scries,  but  it  is  also  used  occasionally  as  a  sktn 
irritant.      Pepper  is  also  nse<l  as  a  rubefacient  in  domestic  medicine, 
I  rhaiilrnoogra  Oil^  obtained  from  (lyiiocardia  odorata^  is  apparently  similar 

,  in  character  to  the  members  <if  this  grou]),  although  it  is  less  irritant.  It 
is  used  externally  as  iin  applirati^U)  to  hriuscs,  and  both  externally  and 
internally  in  leprosy,  alth<iu;^h  it  is  prohaldy  of  little  avail  in  this  disease. 
it  is  said  to  owe  its  activity  to  Gipiocardie  tjrid,  which  it  contains  in  combi- 
nation with  gly^eiia.  Croion  oil  is  also  used  as  a  skin  irritant,  but  will  be 
tjcalcd  of  ill  connection  with  the  purgatives  (fiage  1>9)* 

Many  other  ]>lauts  possess  irritant^  pt>isouous  properties,  which  would  ap- 
I  i>arenrly  entitle  iheni  to  a  place  in  this  series,  hot  so  little  is  known  of  their 
J      active  pi  inciples  and  of  their  eltects,  that  they  may  he  omitted  for  the  x»resent. 

I  PREPARATtONS* 

f  Mezerenm  (IT.  S.  P.),  Mezerei  Cortex  (B.  P.),  the  bark  of  Daphne  meze- 
reuai  and  of  other  species. 

Extrttctian  Mezerel  Ftnubtm  (U.  S.  P;). 

Mezerenm  is  also  contained  in  several  of  the  BarsanariUa  prei>arations 
(U.  <,  PJ 

Rhus  Toxicodendron,  poison  ivy,  the  fre.sh  leaves  of  Rhus  radieans 
(U,  S.  P  K 

Capaiciiin  (IT   S,  P  ,  B   P.). 

Emp  ffAfrtitn  Cap^iri  (U.  8    P.), 

f*iftfifenfiim  (\fpfrici  (B    P.). 

<F<T  the  nther  j)rej>arations  of  Caiisicnm  see  page  73.) 

Pulsatilla    U.  S.  P,),  the  herb  Anemone  Pulsatilla  and  A.  pmtensis. 
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Vn.     VEGETABLE   PTIEGATIVES. 


Purgatives  are  drugs  which  are  employtil  in  mediciue  to  evacuate 
ikownJ  ftf  ii^  wmteirts*     Muay  drugs  pmdue^^  cvueimtion   in   the 
_     f  of  their  action,  but  have  other  otiocts  of  iniiMjrtuiiee  and  are  not 
inrfttiW  in  ihif*  class.     Thus  the  nienibcrs  of  the  preceding  classes  of 
4ifl. irritants  induce  diarrha?a,  but  this  is  acconiiJitnicd  by  irritation  of 
ibe  mouth,  throat  and  stomach,  anJ  in  many  otiier  forms  of  poisoning, 
\%  a  prominent   feature,  but  is  accompanied  by  vomiting  or 
luther  fevnipttjui.     The  ideal  ]iurg^ative   is  tlevoid  of  any  etiects 
,fc«ve  in  the  intestine;  it  passes  through  die  stoniaeli  with- 
lally  deranging  its  function,  and  is  not  al»sorbed,  or  at  any 
i  itte  i*  al-jsorbed  so  shjwly  that  it  has  time  to  nnfohl  its  action  throngh- 
llbi'  int^'^itine.     Tlie  vegetable  purgatives  act  through  their  irritant 
lie?,  which  in  some  instances  are  elicited   r»nly  by  the  action  of 
rieerHion  of  the  intestines  and  of  the  neighboring  glands.     Thus 
»euf  the  purgatives  pass  through  the  stomach  in  llie  tbrm  of  bhind, 
IjhJihirritant  oomjMjnnds  (castor  oil),  which  are  broken  np  by  the  diges- 
in  the  intestine,  while  others  perhujis  owe  tlicir  activity 
'    to  their  sobilion  or  suspension  in  the  juices. 
Mnny  clai^iHcations  of  the  purgatives  have   been  based  on   their 
kilRtbSy  and  B-ome  of  tlje  terms  are  still  retained,  sucli  as  aperient,  eceo- 
^e^  ifiTfitirr^  jturf/fftire^  eho/af/of/nr^  hifdr(tfffi(pu\  rathfirtlr  or  tlrafdir, 
effect  of  the  purgatives  is  determined  Inrgely  by  tht^  dose  and 
^eaiidition  of  tlie  intestine,  so  that  asmuUdosemay  act  asan  apc- 
nt^  htxadve  or  cccoprotic,  while  a  larger  quantity  of  the  same  drug, 
ri'ven  tlio  same  dose  in  a  more  susceptible  individual,  may  act  as  a 
a^lic  or  hy<lrjgoguc  cathartic.     It  is,  thereft>rc,  preferable  to  classify 
fm  according  to  their  chemical   nature  as  far  as  that  is  known,  and 
[thin  way  three  classi'S  may  be  formed,  (1)  purgative  oils,  (2)  pnrga- 

LUf  the  anthracene  series,  (3)  the  jabipin  and  odocynthin  group. 
'^BfrnpUynxB. — In   moderate  doses  the  purgatives  simply  liasten  the 
normal  movements  of  the  intestines,  and  tlie  stiM>l  is  of  the  ordinary  ap- 
inmee  and  consistency  (laxative,  ajienenl,  or  eceo|irotic  uetion).      In 
r|uantities  they  cause  a  more  profuse  evacuation  than  normally, 
the  stools,  which  are  repeated  at  short  intervals,  are  of  a  looser, 
fluid  ci>nsistency.     Their  action   is  acconijmnied  liy  considerable 
^iid  cfilic,  and  the  hurried  moventents  of  the  intestine  are  shown 
[eharaeteristie  gurgling  sounds.     Large  tjuantities  of  the  more 
3 1   purgatives  may  cause  all   the  symptoms  of  acute  enteritis  ; 
^stools  at  first  contain  the  onlinary  fan'al  substances  accompanied 
fluiti  than   iisuat,  but  hiter  consists  largely  of  blood-stained 
fluid  with  little  <»r  no  resemblance  to  ordinary  fieces.     This 
Mil  purgation,  which  is  not  induced  in  tlierapeutics,  is  accompanied 
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by  pain  and  t^ndenies??  in  the  abdomen,  and  may  induce  shock, 
kpse  and  eventually  death. 

Action. — The  origju  of  the  iluid  of  the  strioU  after  purgatives 
been  mu<-li  debated.  Aerording  to  many  authors,  they  awelerate 
passage  of  the  intestinal  contents  so  much  that  there  is  do  time 
the  absorption  of  the  fluid,  and  the  imcea  ese^ipe  in  the  fluid 
dition  in  which  they  nornialiy  exist  in  the  small  intestine.  Other  i 
%a^stigators  hold  that  purgatives  cause  Huid  to  pass  into  the  inteslil 
either  by  ioereasing  tlie  nonnal  secretions,  or  by  causing  an  iuflai 
matory  exudate  from  the  vessels,  linth  parties  have  founded,  nr 
tempted  to  ctuiJirm  their  statements  by  the  results  of  the  injeetiori 
the  purgatives  into  loops  of  intestine  isolated  from  the  re.st  of 
bowel.  In  these,  some  observers  (Brunton,  Koy)  have  found  a  larg 
accumulation  of  fluid  after  the  inject  ion  of  the  purgatives,  whij 
others  (Thiry,  Kadziejewski)  found  no  more  fluid  after  purgatives  tl 
after  indit!erent  fluids.  These  (xmtradietory  results  are  probaijly  dj 
to  the  methods  adopted,  and  the  quantity  of  the  drug  injected, 
spall  quantities,  such  as  are  used  in  the  vast  majority  of  eases  in  the 
apeuties^  the  irritation  produced  by  the  purgatives  is  probably  odI 
enough  to  accelerate  peristalsis  somewhat,  and  the  fluid  of  the  stc 
is  drawn  partly  from  the  food  and  partly  from  the  ordinary  secretioij 
of  the  digestive  organs.  In  these  eases  the  intestine  is  not  actually 
inflamed,  although  some  congestion  may  occur  in  it,  as  in  all  organs 
in  a  state  of  abnormal  activity.  On  the  other  hand,  when  large  quan- 
tities are  ingested  a  true  inflammation  of  the  intestine  occurs,  mani- 
fested by  increased  movement^  congestion,  the  exudation  of  fluid  into 
the  lumtnofthe  bowel,  and  pain.  In  tliese  cases  the  intestine  pre- 
sents the  usual  signs  of  iuflamumtion  ;  it  is  red  and  congested,  and 
contains  a  niuco-purulent  fluid  and  often  blood.  The  nuitter,  therefore 
resolves  itself  into  a  question  of  dose;  if  it  1»e  small,  the  fluid  is  not 
an  exudate,  if  it  be  large  the  fluid  is  partly  lui  inflammatory  product. 
No  very  distinct  difference  exists  Ijctweeu  the  stonls  produced  by  pur- 
gatives and  the  normal  fteces  except  iu  the  hirger  pr(ij»ortion  of  water 
and  of  sodium.  The  excess  of  the  hitter  has  Ijeen  explained  by  some 
as  due  to  the  exudation  of  serum,  by  otiiers  as  the  etTeet  of  the  rapid 
evacuation,  which  prevents  the  normal  absorption  of  the  bile,  pan- 
creatic and  intestinal  secretions. 

The  colic  produced  by  purgatives  is  not  due  to  the  inflammation  of 
the  intestinal  wall,  but  is  prolmbly  explained  by  the  more  vigorong 
coutractioris  nf  tiie  wulls  of  tlie  buwel  and  the  difficulty  in  forcing  on 
hard  fiecal  musses  iu  the  large  intestine.  Tlie  tenderness  produced 
by  large  quantities  of  the  purgatives,  ou  the  other' hand,  would  seem 
to  indicate  inflammation. 

A  further  question  is  whether  a  purgative  must  come  in  contact 
with  the  whole  bowel,  or  whether  irritation  set  up  at  one  ]>articular 
spot  does  not  cause  |»cristaltie  waves  tlu^ough  the  whole  intestine  and 
induce  evacuation.  Kadziejewski  maintains  that  purgation  may  be  ef- 
fectetl  by  drugs  in  tlic  stomach  without  tlieir  entering  the  bowel  at  all, 
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9ii|ifio9es  that  tins  ig  a  reflex  action.     This  view  woiild  be  in 

with   the   statements  of  Traube  anil  WihkI^   that   divi^»ion  of 

)xw^  binders  ur  entirc*ly  preventis  the  action  df  gvome  pur«:atives, 

',011  the  other  hand,  with  the  fact  that  the  bowels  may  be  emptied 

which  are  too  small  to  reach  the  colon*     Rad^iejewski's 

kovrever,  might  be  explained  by  the  drugs  in  his  experiments 

been  absorbed  in  tlie  stomach,  and  afterwards  excreted  in  the 

1%  and  thus  producing  irritation,  while  Traul»e  and  Wood's  ex- 

BCfi  n!*juin?  contirmation,  as  the  action  of  pur^tives  on  animals  is 

i  xert  %*artable.     The  drug  given  by  enema  may  be  absorbed  from 

*  ^1  ami  excreted   in  the  upper   |iart  of  the  inte^tine^  although 

nibabie.     On   the  other  hand,  Hess  fuund  that  w^hen   ttie 

mjM^  fH'vluilii!  by  an  india-rubber  liall^  purgatives  applie<l  above 

hill  taileil  to  induoe  evacuation  of  the  bowel,  and  he  therefore 

tliat  they  produce  pnrg^ition  only  when  they  are  bmtigbt  in 

with  the  large  intestine,  and  that  irritation  of  one  part  cannot 

activity  of  unoiher  by  either  nervous  or  muscular  conduction. 

fwngid  «eera  to  be  confirmed  in  cas4?s  of  artificial  anus,  in  which 

i  given  by  the  month  have  no  effect  upon  that  jmrt  of  the  bowel 

brtwi:!en   the  natural  and   the  artificial  opening.     The  question 

be  said  to  be  decided,  and  requires  further  investigation,  al- 

the  probability  seems  great  that  the  purgatives  cause  evacu- 

I  tinly  when  they  come  into  direct  contact  with  a  large  part  or  tlie 

•of  the  intestinal  wall. 

Par^tives  given  by  the  mouth  accelerate  the  movements  of  both  tlie 

icmI  large  intei^itine.      In  constipation,  however,  there  seems  no 

1  to  suppjse  that  the  food  is  retarded  in  its  passage  through  the 

ill  howeU     The  delay  takes  place  in  the  colon,  and  it  is  in  remov- 

hness  of  the  latter  tliat  purgatives  are  l>eneficial. 

i*  the  purgatives  is  generally  considered  purely  local, 

»tis  to  that  of  the  j^kiu- irritants.     The  irritation  of 

of  the  nerve  ends  l«ids  to  increased  activity  of  the 

•per  lajrersy  which  manift^ts  it^lf  in  the  bowel  by  contraction  of 

aiisele,  in  tlie  skin  by  vesication.     But  some  of  the  purgatives 

IB  to  have  a  further  action,  which   is  of  a  more  specific  nature. 

tltti  mna,  aloin,  franguHn,  and  eolocj'nthin  cause  evacuation  of  the 

^wtLwhen  injected  subcutaaeously  or  into  the  blood,  podophylhim 

Mn  cau«e§  violent  pairing  and  vomiting  w*hen  thus  administered,  and 

t^ton  oil  !»as   long  been  rubbed  on  the  skin  in  order  to  relieve  ooo- 

t*n,  and  is  found  to  cause  intestinal  inflammation  and  purging 

nj^ted  intravenously.      It  has  aceonlingly  lM?en  suggested  that 

a%'€  a  specific  action  on   the  bowel  quite  a|iart  from  their  irri- 

teffwts  ;  hot  it  is  quite  possible  that  their  intestinal  effects  are  here 

■  ^>  their  excretion  into  the  btiwel,  which  has  been  shown  to  occur 

^^vonil  instancx^.     Other  irritants  applied  subcutancously  or  intra- 

nmi«I?  often  produce  similar  effects  on  the  alimentary  canal. 

I  Tbe  interval  which  elapses  between  the  administration  of  a  purga- 

'^faad  iu  effects  varies  with  the  doee,  and  also  with  the  individual 
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drug.  In  ordiDarr  therapeutic  doses,  evacuation  of  the  bowels  oocuis 
in  most  eases  in  5—10  hours,  hut  if  large  t|Uantitie8  of  tlie  more  pow- 
erful purges,  sueh  as  jalap  or  croton  oil,  Ix*  given,  the  effects  may  be 
elicit€»d  in  two  hours.  Aloes  and  potluphv  Ihnn  differ  frora  the  others 
in  tile  length  of  the  interval,  eatharsi.>  rarely  t>r  never  occnirring  ear- 
lier than  10-12  hours  after  their  administration,  and  often  only  after 
2<)-24  hours. 

The  movement  of  the  intestine  induced  by  pnrgatives  is  aeeom- 
jwioied  by  an  increase  in  tfie  IcuiMH^ytes  of  the  blorrtl  similar  to  that 
observed  in  other  forms  of  intestinal   activity,  *%  [f,j  during  digestion* 

The  effects  of  the  purgatives  varj^  greatly  in  different  an i mail. 
Thus,  tlie  rabbit  is  very  refractory  to  most  of  the  Bcries,  and  often  is 
killed  by  intestinal  irritation  without  any  evacuation  being  produced. 
The  frog  is  unaffected  l>y  quantities  winch  would  produce  poisoning  in 
man,  while  the  dog  and  eat  respdjid  nuieh  more  readily. 

It  was  fi>rmerly  supposed  that  purgatives  increased  the  secretion  of 
bile,  and  certain  of  them,  which  were  Ix-lieved  to  have  a  sjieeial  activity 
in  this  direction,  were  known  as  (Jho/af/of/neH,  It  has  been  showti  of 
ri'i-cnt  years  that  none  of  them  possesses  any  action  tm  the  secretion  of 
bile,  although  they  may  incn^ase  its  excretion  by  luirryiug  it  through 
the  intestine  and  preventing  its  rcabsorption*  On  the  other  hand,  the 
presence  of  bile  in  the  intestine  is  a  condition  necessary  to  the  activity 
nf  many  of  the  purgatives.  Thus  Buchheini  and  Stadelniann  found 
tliat  in  the  absence  of  IhIc  the  following  purgatives  are  either  fpiite  in- 
active or  very  much  less  powerful  tlian  usual — ]>odophyllin  and  podo- 
phyllotoxin,  resin  of  jalap,  convolvulin,  resin  of  seaniniony,  rhubarb, 
cathartic  acid,  and  tlie  sotliuui  salt  of  gambogic  acid.  This  is  prob- 
ably due  to  some  solvent  action  of  the  bile,  for  Stadclmann  found  that 
wlien  soaps  were  given  with  senile  of  these  drugs  their  activity  returned, 
and  in  other  cases  a  etmiparatively  sligljt  modification  of  their  chemical 
form  was  sufficient  to  restore  their  activity,  even  in  the  absence  of 
either  bile  or  soap.  Analogous  results  have  been  oljscrvcd  fnmi  other 
causes  than  the  absence  of  bile;  thus  some  of  the  pure  priuc*iples  of 
the  purgatives  are  murli  less  active  than  the  crude  drugs  lH?cause  the 
impurities  of  the  latter  alter  their  solubility;  This  alteration  of  the 
solubility  may  act  in  two  ways  :  if  the  principle  is  rendered  too  soluble, 
it  may  be  absorbed  in  the  stomach  and  upper  part  of  the  bowel,  and 
therefore  fail  to  produce  purgation  ;  on  tire  other  hautj,  it  may  l>e 
rendered  so  insoluble  that  it  fails  to  come  into  intimate  contact  with 
the  liowcl  wall,  and  therefore  docs  not  irritate  it.  The  etfects  of  such 
colloid  snl>stanccs  as  tlie  bile  and  the  gums  of  gamboge  would  be  to 
delay  the  absorption  of  soluble  substances  in  the  upptT  part  of  the 
lx>welj  and  at  the  same  time  to  keep  the  insoluble  resins  in  suspension. 

Few  of  tlie  purgatives  have  atjy  appreciable  action  afh'r  absorption, 
but  general  etl'ects  may  be  produced  indirectly  fnmi  their  intestinal 
action.  It  is  proliable  that  reflexes  are  elicited  l»y  irritation  of  the 
1)0 wel  analogous  to  those  discussed  under  skin  irritants,  liut  in  addition, 
the  congestion  of  tlie  bowel   produced  by  its  activity  must  alter  eon- 
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lily  the  distribution  of  the  blood  in  tlte  body.  The  belief  in  the 
of  n  purge  in  cong«?stiou  of  the  liniiii  may  thus  be*  based  on  a 
'^revuUive"  action  ;  for  the  dilation  c*f  the  intestintd  vessels  must 
irily  lessen  t!ie  bh>od  pressure  and  thereby  the  l>lood  supply  to 
The  congestion  of  the  intestine  is  accompanied  by  a  simihir 
Bti»m  in  the  other  pelvic  organs,  and  the  |>nrg:atives  therefore  ofteJi 
'  ci>ngr»stion  of  the  uterus,  with  excessive  menstrual  flow,  or  in  the 
[of  pregnant  women,  abortion.  Lastly,  a  certain  amonnt  of  fluid 
tbdrawn  which  would  otherwise  be  excreted  hy  the  urine,  which 
to  be  proportionately  diminished  in  amount* 

1,   The  Purgative  OUs. 

very  important  members  of  the  purgative  series  are  Qufor  oil 
R  ici  n i  j ,  a n d  Croio n  o H  (Oleum  T igl  i  i  or  Cr ot o n  i s ) . '     Castf > roil 
1  almost  entirely  of  un  oil  wliieh  resembles  olive  oil  in  most  re- 
but on  saptiniflciition  forms  ricinoleic  acid  instead  of  oleic  acid, 
id  (C\JI^fOH)Cl)On)  differs  from  the  fatty  acids  obtained 
Jinary  oils  in  being  unsaturated  and  in  containing  a  hydroxyl 
Up.     Castor  oil  is  itself  a  bhiiul,  non-irritating  fluid,  but  on  |)assing 
the   inteis.tine  is   decompjscti   by  the   digestive   juices,   and   the 
oJeates  thus  formed  are  irritant  and  C4inse  purgation.     When  the 
b  sapouifie*],  and   the  free  acid   given   hy  the   mouth,  the  etiects 
t^ttite  dilfercnt  from  those  of  the  oil,  for  the  taste  is  acrid  ami  un- 
and   discomfort,   nausea  and   vomiting   may   follow   its   jn- 
I  froia  its  irritant  action  on  the  stomaeh.     The  oil,  on  the  other 
,lnis  a  bland,  if  unpleasant,  taste,  and  produces  no  effects  on 
Utomach.     Several  other  esters  of  ricinoleic  aeld  have  Ix'en  shown 
fM**yrr  to  resemble  the  glycerin  ester  (castor  oil)  in  their  purgative 

pCmton  oil  is  decomposed  into  glycerin  and  erotonoleic  acid,  of  wliit-h 

'tile  is  known  except  that  it  is  similar  to  rieitioleic  acid  from  a  chemical 

WiUof  view.      It  «liffcrs  from   it  in  the  fact  tliat  crotounleic  acid  is  a 

ch  more  irritatit  hodv,  and  in  that  some  acid  is  found  free  in  thcfiil, 

inis  free  acid  renders  croton  oil  irritant  before  it  reaches  the  intestine, 

jlrlmugfh  the  same  process  goes  on  here  as  in  castor  oil,  and  ttie  crolon 

oil  thcfvfore  beci-»mes  more  irritant  than  elsewliere.     On  the  skin,  and 

throat  and  stomach,  eroton  oil  exerts  its  irritant  aeticm,  but  these 

•  rnny  be  avoidetl  while  it  continues  tu  act  as  a  pnrgative,  if  the 

l'*^  m*\  be  removed,     Croton  oil  then  becomes  bland  and  non-irritant, 

''iHlfan  be  distintruished  from  castor  oil  only  l)y  its  more  ])owcri\d  pnr- 

jfitive  iietion.     Cnstor  »jil  is  absorbed  from  the  intestine  and  disajijK'ars 

'f»  tW  tiB^Ucs  in  the  s^une  way  as  an  ordinary  oik     Nothing  is  known 

Jl^tb  w-rlainty  of  the  lYite  of  croton  oil   in  tlie  body,  but  it  is  not  nn- 

»rfr  that  it  is  excreted  in  part  into  the  large  intestine.     Botli  croton 

Hod  castor  oil  are  bc>rne  in  much  larger  (juanlities  by  animals  tlian 

^^AnoUier  plum  contntning  ti  pnr^tlve  oil  h  l\w  Jatrnplia  ciircas,  wliiuli  bear-t  the 

»iloei  miK  *»f  purging  nut;*.     It  in  Htiriitnvhiit  H*e:iker  in  its  action  tlinn  tToton  oil, 

1  to  be  often  ttubslituled  for  it  in  Mpeciiuuo^  of  croUin  uil  obtained  from  India. 
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by  maii^  ami  not  iiifre<]aently  the  furnier  ciiuse^  acute  enteritis  without 
ptirjLtatioii* 

Castur  oil  may  he  given  in  \'ery  large  quantities  without  prtKhidng' 
any  symptoms,  save  tliose  of  a  mild  laxative.  Crotoii  oil,  uii  the  other 
hand,  aets  as  an  irritant  poi.son  in  any  save  the  smallest  doses,  \\n}- 
diicing  vonii ting"  and  violent  purging  witli  bloody  stools,  c*ollapse  ant! 
death.  Castor  oil  h  oei*asionally  used  as  an  emollient  to  tlie  skin^ 
and  has  been  employed  as  a  solvent  for  applieation  to  the  eye,  while 
eroton  oil  hits  already  fjeen  mentioned  among  the  skin  irritants.  The 
harmless  nature  of  castur  oil  is  shown  by  its  use  in  China  as  an  article 
of  diet. 

It  wa.s  formerly  a  rtjutter  of  dispute  whether  eroton  oil  eauses  the  formation 
of  (lus  when  iiiji't'trd  siilK'iitaaeously,  or  wIkHUlt  the  presenee  of  mierohes  is 
necessary,  lint  it  seems  tmc|nestitniiihle  ticuv  thiit  eroton  oil  ahme  is  capable  of 
profiiu-ing  tiiis  efieet,  provideil  that  it  eoiitains  free  crotonoleie  aeiil  The 
eontraflieti>ry  resiilt.s  obtained  l>y  observers  may  be  explained  by  the  faet 
that  ertJtou  oil  oeeasionally  euiUaios  very  little  free  arid,  atvrl  that  the 
maniinalian  tissues  are  miabie  to  saponify  the  oil  save  iu  the  pieseaee  of  the 
intestinal  feruierits.  In  llie  fro^  these  feruients  are  present  in  the  tissues^  or 
perbajts  the  hitter  are  eapabli-  of  l*rt'akin^  np  the  oil,  bir  Hirschhtydt  found 
that  the  iientral  oil  eaused  in  I  lam  mat  ion  and  hemorrha;<es  in  various  parti* 
of  the  body. 

In  the  beans  from  which  castor  oil  and  eroton  oil  are  derived,  to?ta1humJnB 
are  found,  and  the-e  were  at  one  time  supposed  to  be  the  aelive  principles 
of  the  oils,  (See  Kicin.)  It  has  been  i?hown,  however,  that  the  oiU  are  en- 
tirely free  from  these  poisons,  and  that  their'  action  is  dne  stdely  to  the  acids 
of  which  they  are  i^lyeerides. 


Preparations. 

Oleum  Ricini  (IT.  H,  P,,  B.  P.),  a  fixed  oil  expressed  from  the  seed^  or 
bean  of  Ricinus  eoinjuunis.     Dose,  4~S0  e.e.  (1-8  il.  di-s.). 

MiMuru  0!ti  Ixiriitt  (K  V),  made  up  with  eitmamon  and  orange  flower 
water  by  mraus  of  uineihi-^e,  1-2  H.  im. 

Oleum  TrcaJi  (U.  S  \\),  Oleum  t'ROTONis  (B.  P.),  a  tixed  oil  expressed 
ft'om  the  sred  ofCroton  Tigliimi.      Dnse,  0.02-0,05  r.e.  ((-1  m.). 

t^astor  oil  is  dittU^nlt  to  take  owin«r  to  its  tmpleusant  taste.  It  may  l*c 
given  alone,  in  an  emnlsion  flavored  with  sii^ir  and  some  volatile  oil,  iq 
wiae^  spirits  or  glyeerin,  or  in  ticxible  eapsnles. 

Croton  oil  is  often  j^iveo  in  a  j>iH  made  up  with  bread  erunib,  or  a  single 
droi>  may  be  given  on  a  luaip  of  su^ar  or  in  solution  in  easior  oil. 


2,   The  Anthracene  Purgatives* 


A  iiunil>er  of  n u rgat i ves,  lih kJm hb,  iLCit/'''j  >l^o^'>f  and  Ft-anrpihi^  o 
their  aetivity  to  the  presenee  rd"  irritant  aaihntv*'iH'  (Cj^H,,,)  eom pounds, 
only  a  few  of  whteh  have  been  isotntetL  The  eljeniieal  examination  of 
these  drugs  is  a  matter  of  great  diflirulty,  as  they  eaeh  w.n»tain  several 
active  principles  wliieh  are  very  nearly  related  in  each  i>tlier,  and 
some  of  whieli  are  nndruibtedly  ihe  products  rd*  ilu*  <Mnnposilifm  of 
more  eomplex  l)4)dies.  In  addition,  several  of  the  pure  syt^stanees 
have  been  fotmd  to  be  less  certain  in  their  purgative  oeti<ni   than   the 
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jrugH,  probably  ljK?cause  the  coMouli^  in  the  lattor  aid  in  their 


i  wbicfa  have  been  completely  i»olated  hitherto  have  proved  to  be 
» of  anthraquinone, 


l*»me  of  the  oxyanthraquinonos  seem  lo  be  widely  ilistribiitefl.  Tims  all 
Iii\h«  -  •>f  the  group  contaui  Kmodin  or  Inoxymetbybinthnicjuiiioiie, 
*J  OJ,  and  rhubarb  atnl  senna  eoiitaiti   Chnfsophattic  and  or 

ini*|uitione,    (C,^H.(CHj)(OH),0,),    while    a    nearly     rekiled 
fluHA  k*cen  found  in  Fmnj^fula.      It  i.s  still  uiideeided  whether  the  einodiii 
Iti  liiflerunt  drag^  is  identitiil  or  merely  ihomerir.  and  the  same  may 
in  n.*giird  to  chry?iophanii'  aeicl.      In  addition,  a  nnmber  of  other  an- 
ifoe   bodies  occur  in   these  purgative;*,    some  of  them  combined   with 
p»  lo  form  ^;lue«.>«ides,  but   Htth*  is  known  re^ardinjjj  theia,  amj  it  seem^ 
sly  that  ssome  may  prove  to   be   impure  cmodin.     Aei<l   glueusides  have 
I  fanid    in  iJinbarb,  senna  (Cntfutifin  or  (\tfknrfinic  arid)  and  in  ea^eara 
a^la  {Cfithitrlin  antl    Fnnufuini).      In  the  dilferent  speeiejs  of  aloes 
ifnimi  {Hnrbninn  from  Barbadoes aloe«,  Sitcaloin  froxn  Socotrine  aloes, 
»e  been  isidated. 

Ill  of  the  pui*e  principles  have  l)een  useil  as  purgatives,  although 

seeiu  on  the  whole  to  be  le«s  eertaio  in  their  effects  than  the  crude 

Chrtfmiphanir  ar^W  does  not  eanse  purij^ation,  owing  to  its  rujiid 

orption,      Frangnhn  has  given  satisfactory  n'sults,  and  ( hiiunihi  has 

I  been  used  experimentally,  but  is  very  liable  to  miilergo  decornpo- 

Km.     Afohi  is  leiis  eertam  in  its  effects  than  aloes,  and  it  seems  to  be 

ipuLahlethat  the  crs^stallinc  aloin  itself  is  inactive  in  the  Iwiwcl,  but 

^  changed  under  certain  conditions  to  an  aniorphoiis  eotnp^nmd 

r  has  i  r  ri  ta  n  t  e  ffce  ts .     T  It  is  act  i  ve  s  u  bsta  n  ce  va  n  hv  | )  r  epare  d  fro  in 

in  by  Ixiiliog  in  water,  and  may  he  present  in  the  amorphous  resin  left 

tihe  cxtnictloa  of  aloiit.     The  purgative  action  of  aloes  is  increased 

I  addition  of  small  c|uantitie8  of  alkaline  salts  and  of  iron.     The 

piwcnee  of  bile   in    the  intestine  is  necesstrry  to  elicit  its  full  effects, 

It  U  gt»nerally  stated  that  enemata   of  aloes   are   inactive   unless 

i!c  i*  inji*cted  with  them,  hut  Kohlstock  found  that  the  same  results 

be  attained   by  tlissolving  aloin   iu  glycerin.     The  latter  pn>^ 

evacuation    when   injecteil  ahuie  as  an  enema,  it  is  true,  but  he 

I  smaller  quantities  of  it  than  are  necessary  for  purgation,  so  that 

aMc  played  by  the  bile  is  probably  the  same  as  that  of  glycerin — 

[  imr^ly  solvent  one. 

Tin*  absorption  of  these  Ixulies  has  not  been  satisfnctorilv  determined 

ittiont  eases.      The  nrine  is  rendered  yellow  after  rhubarb  and  senna, 

;  to  the  absorpiiou  and  excretion  of  chrysophanic  acid,  hut  it  is 

onable  whether  the  more  active  prinriples  |>ass  into  the  urine  in 

fpfeciable  amunnts.     When  aloin  is  injected  subcutaneously  or  intra* 
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veiiouslvy  it  is  excreted  for  the  main  part  into  the  bowel,  and  there  pro- 
duces irritation  anil  cittliarsis,  Calhtirtijt  and  fraiigulin  abo  act  aa 
purgatives  when  they  are  injected  suheutaneously,  prcjbably  because 
they  are  excreted  into  tlie  bowel,  ahliongh  thits  has  not  a^  yet  been 
investigated.  The  yellow  jviginent  of  the  urine  after  rfniljarb  and 
senna  l>ee*imesa  purple  red  on  tlie  addition  of  alkalies  ^  ;  the  milk  and 
skin  alno  are  8aid  to  assnnie  a  yellowish  tinge  from  the  presence  of 
chrysophanic  acid. 

Jn  the  rahliit  aloin  seldom  causes  purgation,  and  is  excreted  by  the 
kiilney  in  considenible  quantity,  especially  when  injected  hypoder- 
mieally.  In  passing  through  this  organ  it  causes  marked  irritation 
and  epithelial  necrosis,  which  often  proves  fatal  in  a  few  days.  No 
irritation  of  the  kidney  occurs  in  man,  the  dog,  or  the  cat  after  aloin. 

Khuljarb  contains  a  consideral*le  amount  of  tannic  acid,  wliich  acts 
as  an  astringent  aJid  tlu^reiiire  tends  to  cause  con!?tipation  after  the 
evacuation  of  the  bowels.  It  is  not  well  tolerated  in  some  crises,  its 
administration  l>eing  followed  by  nausea,  headache  and  giddiness,  more 
rarely  by  skin  eruptitms  of  ditferent  kinds. 

Preparations. 

U.  8.  P.— Rheiini.  Hinluuh.  the  root  of  Rheum  officinale. 

ExTRACTr.vj  Kui^,  0.3-0,6 il,  (5-10  jarrs,). 

Erfrttctitm  KhH  Flukium^  1-2  e.e.  (IS-SO  mins.). 

PiLUL.t;  llnvA  (each  eontaiuH  0.2  G.  uf  rhuharb),  1-5  (ulls. 

PlLtrL,i<:  RnEl  Ci>MPu8n\f:  (ccmt^iiri  aloes,  myrrh  and  oil  of  peppermint), 
1-5  pills. 

l*rLviH  Rkei  CoMPosiTtTs  (Grefroi^'s  Powder)  contains  magnesia  and 
ginger.     Dose^  1-4  G.  (20-Gl J  gis. ). 

finvhtm  Meu  4-lH  c.r.  (1-4  tl.  dls.). 

Tinttitra  fxhet  Antmatiea  (fontaijis  .st'VPral  volatile  oils),  2-S  e.e.  (^-2  II.  tlrg.). 

TiNCTijRA  RnKi  DuLCis  (euutuhis  volatile  oils  and  liquorice),  4-1*^  e.e, 
(1-4  11.  th^.). 

Misturti  Rhei  ei  Sodie  (containa  bicarbonate  of  aoda,  ipecaCj  peppermint 
and  glveerin),  10-100  c.c.  (2  fJ.  drs>-3  oz.). 

g-^:.  "kI.  A.>matk..«  }  r^-  '•-  <"'11d  4-10  CO.  (1-2  fl.  d..,. 

B.  P.^Rhei  Radix,  rlmlmrb  root,  the  ereit  rhizorae  or  so-culled  root  uf 
Rheimi  pulnuitwni ;  S-10  grs.  for  repeated  administration  ;  for  a  single  ad- 
mi  nisi  ra(  ion,  15-:^0  grp. 

Ex TK ACTUM   HHKt,  2-8  gfB. 

PiLULA  Rhkt  (\imf'usita  (contains  rhubarb,  Socotrine  aloe^,  rayrrhj  and 
oil  of  pe]>fierrnint),  4-H  gr.-s. 

PiLVis  Khei  tViMPtwiTUH  (Gregory's  Powder)  contains  rhubarb,  light 
magnesia  and  ginger,  20-t»0  grs. 

TiNf^riKA  Rne:i  CoMrosiTA^  formed  from  rhnburb^  eardamom  and  cori- 
ander, \-\  IL  dr.  for  repeated  iMlministration  ;  2-4  IL  drs.  for  a  single  ad- 
ministration. 

SYurrrh  R>iEi,  J -2  fl.  drs. 

Jvfumtm  Rhei^  j-l  H.  nz. 

Liquor  Rhei  (bncentratu**,  K-1  fl.  dr. 

V.  H,  P.— Senna,  the  leatlets  of  Cassia  acutifolia  (Alexandria  Senna),  and 
of  Cassia  an gusti folia  (India  Senna). 

^  For  the  resctionw  rcHjnired  to  diatinguiyh  ehrvsophanic  acid  la  the  urine  from  the 
pigruent  occurring  in  it  aiter  santonin,  see  piige  124. 
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GLTio  Bexn^  contains  senna^   cassia  fistula,   tamarlucl^  prune,   tig, 
;ati4  oil  of  coriander^  4-8  G.  (1-2  drs,), 
Kzffatliim  Stunw  Ftuidum^  4-8  c,c.  (1-2  fl.  drs.). 

v.E  Co M POSIT UM  (Black  Draught)  coti tains  senna,  manna, 
hate  and  fennel,  60-120  e.c.  (2-4  ti.  oz.)- 
s'.E»  4-l*>  c.c*  {1-4  tl.  drs.). 

.  ontiiined  in  the  compound  synip  of  sarsapar ilia  and  m  the 
onnjp«)tind  liquorice  powder* 

vnna  U  often  administered  as  a  simple  inrusion,  senna  tea,  a  teaspoon ful 
itl  thv  leiiv«',s  beinj^  used  in  a  cypfu!  of  water. 
H-  P,— Senna  Alexandrina,  the  dried  leatlet.s  of  Cassia  acutifolia. 
SfMia  Indiira^  TinniveUy  senna,  the  dried  leadeis  of  Cassia  an gusti folia. 
Ti?fi:TrRA  SE^fiSM  CoMPOsiTA,  fomu'd  frcun  senna,  niisins,  caraway^  and 
r*jr.irj*Jt?r,    J-l    fl,  dr.  for  repeated  administration  ;  2-4  fl.  drs.  for  a  single 
iilministmiion. 
^mrpirs  Skxnm:,  J-2  fl,  drs, 
U^Hor  St'nnii'  fonctftfrtifttf*^  \-l  fl.  dr* 
iML^L'At  Senn,k,  A-l  U.  oz. ;  as  a  draught.  2  fl,  oz. 

M.-Ti  u\  Sesx.e  Compusita  (Blaek  l»niught),  formed  from  magnesium 
ijuorire,  eomponnd  tincture  of  eardamom,  aromatic  spirit  of 
nd  infusion  of  senna.  A-2  H.  oz. 

n}  Sexn.e,   formed  of  senna,  coriander,  llgs,  tamarinds,    caasia, 
I  ,  inrice,  and  sugar.  ♦i0-'l20  gi's. 

I'.  3.  p. — Aloe  Socotrina^  the  inspissated  juice  of  the  leaves  of  Aloe  Perryi. 
.ii»^  BufhtulensiM^  the  inspissated  juire  of  tlie  leav<*s  of  Aloe  vera. 
Tbi' jirepar.it ions  of  aloes  are  all  fonaed  from  Soeotrine  Aloes. 
ilor  Purijicata^  Socotrine  aloes  from  which  insolultle  impurities  have  been 
frnuiwl,  U.  1-0,5  G.  (2-7  grs.). 
Aluinum,  either  Barhaloin  i>r  Socaloin,  0.05-0*2  G.  (1-4  grs.), 
ExTRiL-ri'M  Ai.oE^,  0.1-0.5  G.  (2-7  grsi.). 
PapUE  AtoEis,  1-5  pills. 
Pi  in  JE  Aloes  kt  .VsafcktidjE,  1-5  pills* 
Prii'L.f^  Alok^  et  Ferki,  1-5  pills. 
NaLt  Ahj^'Ji  tt  MiUtiche§,  1-5  jiilK 
NitU  AiotJi  et  Myrrkw,  1-5  pill9» 
TlxcruRA  ALOE.H,  2-8  e.c.  (i-2  fi.  drs  ). 
TimMta  Aloes  et  Mijrrhie,  2^  c,c.  (X-2  i\.  drs.), 

.UiHs  i*  also  conti^ined  in  compound  rhubarb  pill,  compound  extract  of 
Culocytiib  and  compound  tincture  of  ben/oin. 

BtP.— Aloe  Barbadensis,  the  juice  of  Aloe  vera  aud  (if her  species,  Bar- 
WwB  Aloes  or  Curayoa  Aloes,  2-5  grs. 
J^lm  Socotrina,  the  juice  of  Aloe  Perryi,  So co trine  or  Zanzibar  Aloes. 
Akkum,  j-2  grs. 
^XTRAcrrM  .Vloes,  1-4  grs, 
PiLru  Au>E»,  4-S  grs. 
WWrt  i/of*J»  Soi'ofrhi^,  4-8  grs. 
PiLCLi  Aloes  et  Fehki,  4-8  grs. 
Pn.ru.i  Aloes  et  Asafei'Iike,  4-8  grs. 
^'VWa  Ahe^  et  MtfrrhiB.  4-8  grs. 

TlxcrvR.v  Aloes,  J-l  11.  dr.  tor  repeated  doses;  for  a  single  dose,  1 J-2  fl.  dr», 
^mdum  Aloes  ihmpoHitum  raloes,   myrrli,  siUfron,  potassium  carbonate, 
liqoorice,  conitMjund  tincture  of  cardamom),  A -2  JL  oz, 

Alotssi^  also  contained  in  the  compound  extrat-t  of  eolocynth,  compound 
**^'^Tnth  pill,  pill  of  colocynth  and  hyo-irvamun,  rompouud  ^a^^^^*^^*?  P^^** 
jotatfflutifl  tincture  of  benzoin  aud  cornponiid  rhubarb  pilb  Some  of  the 
itioag  are  directed  to  be  made  friun  Socfvtrlue,  others  from  Uarbadoes 
Wl  there  is  really  no  dill  ere  nee  in  the  eU'ects. 

S,  p, — Fran gula,  Buckthorn,  the  bark  of  Rhamnns  frangula,  collected 
^™t  oue  year  before  being  used. 
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Exir  actum  Franguf^e  Ffuidum^  1-2  c.e.  (15-30  mi  us.). 

U,  8.  P,— RhaiuiTis  Purshiana,  Cascam  jagraila,  the  bark  of  EhamDUs 
Pursbiuna.  ^ 

Extract TM  Rhamni  Por,hhian.1v  FLumiTM,  1-2  c.c,  (15-30  mins,). 

B.  P,— Cascara  Sagrada,  tht^  dried  Wuk  of  Rhamnus  Purshiaims. 
J  Extract um  Cascurw  JSaf/radie,  2-8  gis. 

ExTE ACTUM  CAscAR.t:  Baurad.^  Lh^uidum,  ^-1  fl.  *ln 

,S(frup(iH  Cftf^cune  Sagntdie  Arottnttioits,  h-2  IL  ilrs. 

An  arlilirini  I'oniponud^  formed  hy  (XJiid>itnng  a  tnoxyufillimfjiiiiione  will* 
acetir  wi'id,  luis  reietitly  bt^eii  introduced  tinder  the  iiiiiiivitin^  name  of  jiw** 
gatin.  It  is  quite  insukible  u\  water  and  tasteless  but  is  deeuni] (used  ia  vH® 
intestine  atid  act?*  there  like  the  other  purgatives,  to  whieh  it  does  not  sceoc^ 
superior.     Dose,  0.5-LO  G.  (8-15  grs.). 

Of  these  numerous  preparations?,  the  most  extensively  prescribed  ar^ 
the  pill^.     The  fluid  prepurations  fiave  an  uti|deasantj  hitter  taste*  aO*^"^ 
are  thereft>re  lea.s  used,  unless  when  disguised  by  the  addition  of  su^a-** 
or  volatile  oils.     The  syrups  of  rhubarb  and  senna  are  often  admii^*^ 
istered   to  ehlldreu,  and   the  eoufeetion  of  seuna  and   the  eomjioiui^^ 
liqtiorice  powder  are   also   pleasant,  easily  takcu   preparations.     Tli^ 
compound   infusion  or  mixture  of  senna  and   the  eonipunnd   rhubarl^ 
powder  are  okl  and   tried   preparations,  in  whieli   tlte  virtues  of  th^^, 
vegetable  pur<::ative  are  corabinetl  with  those  of  a  saline  cathartic  ami 
antaeid  resp«:*etively  ;  they  are  l>oth  jiossesseil  of  a  harsh,  unpleasant 
taste.     Frangida  is  eomparatively  rnrely  used,  but  the  fluid  extraet  of 
cascara  saj^ratla,  which  is  praetically  identical  Avith  it,  is  a  very  popular 
remedy  in  habitual  eoDstipation, 

Pure  Chrysophaiiic  Acid  is  not  adapted  for  use  as  a  purgative,  as  even  in 
doses  of  O.S  (t.  it  fulls  to  laereuse  the  peristalsis.  A  eonipound  of  ehryso- 
phanie  aeid,  Vhrijmirotjin  (Cj^jH^^O,).  has  (ouikI  employment  a^  an  application 
hi  some  forms  of  skin  disease^  e^speetally  in  jisonasis,  in  which  it  is  often  of 
marked  bene  lit.  It  is  found  in  an  impure  form  (Ooa  powder)  in  cavities  in 
the  Andira  anirobu,  u  tree  growing  in  India  and  Biazilj  and  is  isolat-f-d  with 
comparative  ease  ;  it  ftU'aia  ehrysoj>hanie  ncid  when  it  is  oxitli/ed,  t'hrysa- 
rol>iii  is  much  more  irritant  than  chryso[diauie  acid,  and  applied  to  the  skin 
iti  a  eoneentrated  form,  or  in  suseeptiljh'  pei'sons,  eunses  itehing,  redness  and 
swelling,  less  frequently  papular  or  pustular  eruyitioiis  ;  the  skin  nnd  eloth- 
ing  are  stained  a  reddishd»r«»wn  i^olor  where  it  is  apjdied.  When  swallowed, 
uhrymrobin  acts  as  a  gust ro-ju test inal  irritant,  ennsin^^  vumiting  and  jvuix- 
ing  ;  some  of  it  is  absorbed,  and  in  its  exerction  hy  the  kirlut^-ys  eanses  in  the 
rabbit  nrphritis  with  al humid  and  even  hlood  in  the  urine.  In  man.  slight 
albuminuria  lias  been  ohservetl  in  s(mic  iiistaiiees  alter  its  application  to  the 
skin;  in  animals  the  cpithelhnn  of  the  rrnal  tidrules  has  been  found  to  be 
necrosed,  the  glomeruli  being  less  Imiucnily  atlceled.  It  was  antici|»ated 
that  it  would  undergo  oxidation  to  clirysophauic  acid  in  the  liody,  and  this 
is  true  for  a  piul  of  that  absorhcfh  but  most  of  it  passes  thi\»ugh  the  tissues 
uneharjged. 

Atdhrnrobiii,  an  artificial  derivative  of  alimrin,  wa^  advised  at  one  time  as 
a  substitute  for  ehrysarohin  imd  ehrysophanie  acid  in  the  trcsUmcnt  of  psori- 
asis aad  other  forms  of  skin  disease,  but  its  viihie  has  been  disjmted  and  it  is 
Comparuti%'ely  seldom  used  now.  Pyrogallol  apparcutly  acts  in  t!ie  same 
way  in  jjsoriasis  as  ehrysarobiu,  and  the  etrect  has  in  eadi  ease  been  attrib- 
yted  ii*  the  withdrawal  of  the  oxygen  from  the  diseased  skin. 

Araroba  (B^  P  ),  or  « ;,oa  [Riwder,  a  substance  fotrml  in  cavities  in  the  trunk 
of  Andira  araroba,  free  from  fragments  of  wood,  dried  and  powdered. 
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iiifin  (B.  P.),  a  substance  obtained  Irom  Araroba  by  extraetiug 
ehlorofurm,  and  evaporatinjr.     It  consists  for  the  inost  part  of 
obin^  but  contains  some  chry'sophani^  acid. 
m  ChtyMrobini  (B.  P.),  4  per  oeut. 

jrsa robin  is  usc<i  hi  skin  J i souses,  P8|ieelally  in  psoriasis,  in  M*hich 
Flpplied  in  oiiiliuexit.  Clirysopbaiiit?  aeid  might  be  uso<I  also  for 
ipaqioee  were  its  isolation  not  attended  with  such  expense.     Some 

ion  lias  arisen  from  chrysarobin  having  been  at  first  supposed  to 

v^ophanie  aeid» 

3.   The  Jalapin  and  Colocynthin  Grroup* 

The  third  group  of  the  vegetable  purgatives  eoniprises  a  number  of 

lis  bociii«^  from  sev^eral  of  which  Huehbeim  succeeded  in  form- 

^  arids  by  treatment  with  alkalies  and  afterwards  with  acids.     He 

1(1  nio>t  of  tlie  aeirls  formed  from  these  rosins  devoid  of  purgative 

,  and  this  led  him  to  believe  that  the  IxHiies  existing  in  nature 

anhydrides,  and  that  their  irritant  effeets  were  associated  with 

ir  anbvdride  CJinstitution,     The  ehemistry  of  these  Iwdies  is  still 

ire,  however,  and  it   is  jiossible  that  the  clianges  produced 

itnieot  do  not  consist  only  in  hydration.     On  tlie  other  hand, 

6ut)dtanees  wdiicb   Buebheini  supposed  inactive  have  j>roved   to 

purgative  properties.     Thus  .Stailelniauu  found  that  the  sodium 

pits  of  jalapinic  and   eonvolvulinic  aeids  produce  evacuation  of  the 

w^l  in  dogs,  althougli   nearly  three   limes  as  much   is  ropiircd  for 

\^  I'ffiTt  as  of  jala|iin  and  convolvulin.      It  would  seeuij  therefore, 

Buehheim's  explanation  must  be  abandoned,     A  number  of  these 

lii-i*  appear  to  he  nearly  related  eheniieally,  and  it  is  possilde  that 

\\  like  those  of  the  authraeene  group,  contain  a  conimou  radical. 

D  most  instances  these  purgative  substances  are  glucosides. 

Jikp  resin  contains  two  anhydrifle  glucosides,  Conrolrtdin  and  Jalapin^  the 
f  unly  in  very  small  (|iijuitity,  ^eaminony  t-onsiMts  vei;v  largely  of  Jafa- 
~i|i»irting  cucumber  contains  a  resin  (clatcrinin),  tbr  active  prim-iple  of 
i  Ih  ^Ya/^Tin.  another  anhj'dride  of  which  Hllle  i.s  known.  I'odophyl- 
Um  ccmfuins  two  isomeric  glueosides,  Fodopfiiffhtoxht  nnd  Pierttpodophtfilhi 
J\).  Oauilx^ge  owes  its  activity  to  Cumhogir  ttvuL  whii'h.  however,  is 
e,  and  seMom  acts  unless  it  is  acconipiinit'd  by  the  inactive  hodics  of 
dt*  dnii?.  Colocynfhin  is  a  jjhicosidc  ocrnrrinji  in  the  e«*locyiith  fiiiil, 
! forms  (\j4iCtjitthnn  anr!  suppir  when  trcatcil  with  acids.  <\Mocynlht'in  isi 
iJ«lU>be  evru  niorf  irntant  than  cttlocynthin  Bryony  contains  tuoghico- 
IMi-s,  Brifonin  and  Bnjonidin,  of  which  the  latter  is  the  more  active.  Lcp- 
[t^twird  o\^',^  its  jiofivity  t4>  a  resinous  p^lucosidc,  Lcptifudrin,  euonymus  to  a 
IjPltio^idc.  Euontimin.  Many  other  plauts  contain  similar  resinous  ])nr;ciitive 
["tf^^nce?.  unci  some  of  these  are  used  as  remedies  to  some  extent,  hut  so 
I  little  is  known  of  their  properties  and  they  are  so  seldom  employed  that  they 
I'^i^y  W  omitted  bere. 

Action.  —  These  substances  are  in  general  much  more  jMiwerful  than 
^y  of  the  other  purgatives  excx'pt  erotou  oil,  and  are  therefore  classed 
with  the  latter  as  the  drastic  purgatives  or  hydragoguc  eathar- 
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tics*  III  smiiW  *]nanfiti<?s  iboy  cause  evacuation  more  rapidly  than  the 
anthnicrnr  [Hir<^iitivts,  and  in  snmewlmt  hrrgor  doses  prf>ducf*  profuse 
watery  >it(>uls  with  niiii-li  pain  and  often  ttMu\smus.  In  cases  of  jKasoa- 
ing,  the  buvvel  undergoes  aeute  inflammation,  and  blood  is  passed  in 
the  sto4>ls,  vviiieli  often  contain  sbre<I,s  of  ejntfieliinn  fmni  the  walls. 
The  irritatjt  action  \^  not  confined  lo  tlie  lK)\vel  ajj|>arcntly  fur  tlwnr 
adiiiiniiit ration  xa  Jsonietin»es  followed  by  nnea^fness  in  the  stomach, 
anil  occasionally  by  nauj^ea  and  vomiting.  On  the  other  hand,  mod- 
erate quantities  are  ^aid  not  to  induce  colic  so  frequently  as  some  of 
the  anthracene  purges. 

Several  of  these  resinous  purges  are  irritant  to  the  skhi  and  espeeially  to 
the  nuifoUH  niemliranei^  of  the  eye,  nose  lunl  throat,  Thoi*  jalap^  podophyl- 
him  and  colrjcytitliin  all  cause  psiin  and  irritation  when  they  are  applied  to 
the  nostrils  in  fine  powder,  and  pudophylluui  hiLS  been  used  as  a  skiu  irri 
taut. 

The  presence  of  bile  i»  the  intestine  increases  the  purgative  action  of  al- 
most  ail  tliese  hodies,  and  iu  fact,  seems  absotutely  neeessarj"^  for  the  action 
of  eome  of  tlieui. 

Podopbyllotoxio  and  eoloiynthin  eunse  i>urgation  when  injeetrd  subcu* 
taueoiihly  ;  tins  is  prolMddy  owin^^  to  tlit-ir  exeretinn  hito  the  bowel,  as  the 
forrntT  hns  been  deleete^l  in  tbt*  fieees  after  this  niftliod  i>f  uduiintstmtion 
Podoph)  Uotoxin  eiiuses  glonierubir  nephritis  and  hemorrhages  into  various 
orgjins  when  udniiinstfred  hypodt-rmienily  or  inlravent>nsly  in  large  qnanti- 
ties,  and  when  a«lded  to  blood  in  a  te^t-tube,  it  eauses  the  ionnalion  of  met- 
hieiuoj^dobio  in  the  eorpuseles.  It  has  been  saitl  tu  liave  a  depreti^^ant  action 
on  the  central  nervous  system,  but  this  is  probably  a  resnlt  of  the  shock  and 
henioTrhnj^e  prodneed  by  its  intestiind  action,  i'oloeynthin  is  said  to  cause 
renal  inllaaunation  when  applied  snbi'Utjvueuusly  or  taken  internally,  and 
i*ven  when  the  powiter  is  inhaled  ilnrin^  its  niaunfacture  Jalapiu  and  eon* 
volvnltn  given  by  the  mouth  cannot  hv  frtund  in  the  fieces  or  nrine,  and  are 
there  lb  re  snp]K»sed  to  undergo  partial  or  complete  oxidation  in  the  Ixidy, 
Ctnividvidin  is  fornid  in  the  urine*  however,  when  it  is  injected  intraven- 
ously, and  no  pnrgtition  follows  this  method  of  administration  ;  so  thai  it  is 
pn>lmble  that  eonvolvulin  is  decomposed  in  the  bowel  when  it  is  adminia- 
tereil  internally. 

Euouymin  has  the  same  effect  on  the  heart  as  digitalis,  and  will  he  men- 
tioned along  with  it,  although  it  has  a  mild  purgative  action  and  is  used 
chiefly  a**  an  aperient. 

Preparatioks. 

ColocyntMs  (r.  S.  P,),  coloeynth,  the  fruit  of  Citrnllus  Colocynthia  de- 
prived iifits  rind, 

Colocyntliidis  Pulpa  (B.  P.),  the  dried  pulp  of  the  fruit  of  Citrullus  Colo- 
eynth is  tVccd  from  seeds. 

Ejetmvtum  Cohi'ifnthitlw  (V.  8.  P.),  0.1-0.3  G.  (2-5  grs.). 

ExTKACTUM  (JoujcvNTHiius  CoMi^osiTUM  (U.  S.  P.,  B.  P,)  (containing 
coloeynth,  aloes,  scarnniony  and  cardaminn),  0.2-1  U.  (ii-15  grst.). 

Orfoctffithin,  5-10  mg.     (Not  phuniiacopieiub) 

PnAi*L.?=:  CATHAiiTic.f]  Composit.f,  (U,  S.  P.)  (contain  compound  extract 
of  coloeynth,  jalap,  gamboge  and  calomel),  1  piU  as  laxative  ;  3  as  drastic 
purgative, 

PiLVL.K  Catuartic:*;  Vegetabjles  (IT.  S.  p.)  (eoutahi  compound  extract 
of  coloeynth*  Jalap,  leptandra,  podophyllum,  hyoseyamuB  and  oil  of  pep- 
permint), 1  pill  as  laxative  ;  3  as  drastic  purgative. 
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PtLrLACoLocYNTHiDis  CoMPo?<iTA  ( R.    P.),  colocyuth,  Bjirbadoes  alot'S, 
tmony  resin,  potiL^jiium  sulphutt-  and  oil  of  clovers,  4-8  gra. 
rt\  CV»LQCYNTH1I>18  ET   HvOSCYAMI   (B.  P.),  coinpoutid  pill  of  colo- 
k1  ixlract  of  hyoscyurnus.  4-8  fft-s. 

P>»^nnm   (XT.  K  P,f,  Podophylli  Bhizoma  (B.    P,),  the  rhizome   and 
I  Hum  pfltutuin. 

K  .   ..   ..  roiKiPHVLLi  \V.  t*.  P.).  0  O-T-0,2  G.  (1-:^  ^s.). 
litr^um  l*odophyUi  Fluidum  {l\  S.  P.),  0.:^-!  v.i.%  (5-15  mine.)^ 
\imSX  PODOPIIVJLLI   (U.  8.  P,),  FODUPHYLLI  Resina  (B.  P.)r  15-60  lUgS. 

TiHrrrRA  Podopbyi^li  (B.  P.),  5-1  r>  min.s. 

hdcpk^iia  varies  considerably  vn  i'omjiot*ition^  and  cnis?ht  to  be  avoided. 

Pi^huJiiJint^tria.     5—10  mg:s.     Xeilher  of  llieae  is  pharmaeopcpial, 

'  .  e5-  p.,  B.  P.)^  the  tuberous  root  of  IpomoBa  Jalapa-      O.S-1  O. 

.  JaUipm  Alcoholimm  (U.  S.  P.),  Extmcium  Jalapm  (B.  P.),  0.1- 
".    .   .,  •■  A^A^ 

H&i?t^  J.iXAP.E  {IT  S.  P.),  Jalaps  Resina  (B,  P.),  D,1-0.3G.  (2-5  ^v^.}, 

Pavis  Jalap.*:  Oompo^itits  (L\  S.  P.,  B.  P.)  eoutiiiiis  jalap  and  bitar- 
tTite uf  jiota^sb,      1-4  G.  (15-60  yr^.), 

Tkuiuui  Jnlnpsp  (B,  P.),  i^l  11,  dr. 

Scanunonium  iU.  S.  P.),  a  resinous  ex udulwn  from  the  living  root  of  Con- 

H  ui  a*  -St'ii  rn  in  o  n  ia . 

Itai/ia  ScituiuHjiiiRr  \\\  S.  P.),  0  2-0.5  G,  (.VS  gi-s.), 

B,  P.— Scammonis  Radix,  8eanmiony  root^  the  dried  rootof  Convolvuluis 
nia 

^mmotiinm^  a  gum  resin  obtained  from  the  scammouy  root,  5-10  grs. 

'^mmnniir  Retthut,  3-8  grs. 

hUfLA  Sc'.VMMoM.f:  t\)MPosiTA  (eontuius  julap  and  ginger),  4-^  grs. 

him  Scjimninnit  Cunipositun  (contains  jiilafi  and  j^inger),  10-20  jxi^. 

^GUnniuny  i«  also  cuntidncii  in  the  compound  foloryiith  preparations. 

"fliymtis  (U.  8.   P,),  Euonymi  Cortex  (B.  P.),  Wahoo,  the  dried  root- 
of  Euonymus  atropurpnreu?^. 

KOrodttM  Evonymi  (U.  8,  P.),  0.05-0.2  G.  (1-3  grs.). 

Edmetum  Euonymi  Siccum  (B.  P.).  1-2  grs. 

Ultenntun  (U/g,  p.,  B.  P.),  ^^'^.H^O^*  a  neutral  iirinciple  obtained  from 
eUlttium,  a  ?iub»taneo  deposited  by  the  juice  of  tlie  fruit  of  Eeballium  Ela- 
tifinm  iscjuirting  cucumber).      1-5  mgs,  (.Va-i^.i  gr,). 

Tniumtio  Efaterini  (V*  S.  P.)  (one  part  elaterin  in  9  parta  sugar  of  milk)^ 
lW)n,ga.tf-lgr.). 

^tmm  (B,  P.),  varies  in  strength,  jVi  gr. 

hkk  Etatrrini  CbmpMitus  (B.   P.)  (one  part   elaterin  in   39   parts  milk 
\  M  gre. 

ibogia  (U.  S,  P.,  B.  P,),  Gamboge,  a  gum  resin  obtained  from  Garcinia 
HiiiUirtL 

^'^f^^  Oimbogiw  Oimposita  (B.  P.)  contains  Barbadoes  aloes  and  cinnamon, 

Bryonia  (U.  8.   P  ),  Brvonv,  the  root  of  Bryonia  alba  and  of  Bryonia 

P'^'f'irft  Rryonitr  (U   S.  P.),  1-4  e.e.  (15-60  min^.). 
^^^^taudra  {V.  S,  Pj,  Culver's  root,  the  rhizome  and  roots  of  Veronica 


P^iea. 


^^ncium  UptandTX  (U,  8 
tJ^^'^'fictum  LepUtntirie  Fiuidu 
**^?  otiier  purgatives  ujay  b 


P/),  OJ-0.2  a  (2-4  grs.). 
m  (U.  8.  R)  2-4  c.c.  (30-fiO  mins.), 
>e  raentionod  here*,  altiiough  nothing  is  known 


Ij^^in^f  their  active  principles. 
£^  (LI  S    P. ),  the  rhizome  and  roots  of  Tris  versicolor,  Blue  Flag. 
£^»Mr/i/m  THdis  (U.  S.  P/|,  0.1-0  2  G.  (2-4  grs  ), 
^^^^utum  Iridis  Fluidum  (U.  S.  P.),  0.5-1,5  c.c.  (10-20  mins.). 
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Juglans  (V.  B   P.)^  butterimt,  the  bark  of  the  rtK>t  of  Juglans  einerea. 
Extract  urn  JufffandtH  (U.   8,    P.),  1-2  G.   (I5-3U  gi^.)-     Juglaus  is  a  com- 
pamlively  mild  Lixiitive. 

The  resinous  purgiitives  are  generally  adniinistereil  in  jjill^xia ; 
very  frequently  two  or  aiore  are  combined  in  one  pill,  or  they  maybe 
prescrilK'il  ahmg  vvjtli  extraet  of  belludoonii  or  hyoseyamus,  or  with  a 
drop  of  i^ome  eiirniiiuitive  oil  or  ro.siu,  to  prevent  the  pain  and  griping 
whieh  often  aeeonipanius  their  action.  Tlje  importance  of  these  pui^a- 
tives  is  mneli  les8  than  it  was  formerly,  and  several  of  them  are  very 
seldom  used  ;  the  mfist  important  are  CH>loeynthj  ]>odophy!lum,  and 
jalap.  In  large  doses  they  art  rapidly,  with  the  exception  of  {K>do- 
phylliun,  which  induces  purgation  very  slowly  (10—20  lionrs)* 

Therapeutic  Uses  of  the  Purgatives.  —  The  purgatives  are  employed 
to  cause  evacnation  of  the  bowel  when  for  any  reason  its  peristalsis  is 
6low^  In  oRlinary  constipation  of  short  standinc:,  in  which  the  peri- 
stalsis m  ay  n  i  e  relysee  i  u  Sijmewhat  moresloggisli  than  usual,  the  milder 
laxatives  are  prescribed^ — castor  oil,  senna,  rlnibarb,  aloes^  frangula^or 
cascara  sagrada.  The  first  two  cause  least  disturbance  of  the  bowel, 
but  are  disagreeable  to  take»  and  are  less  commonly  prescnl>ed  for 
adults  than  rhubarb  or  cascara,  or  small  doses  of  colocynth  or  p»do- 
phyllnm.  In  children  or  in  debility  in  adults,  senna  and  aistor  oil 
are  fi'equently  used  however. 

In  ^hronie  <T)nstipation  which  c^innot  be  controlled  by  hygienic 
measures,  or  by  the  use  of  a  special  dietary  such  as  fruits,  or  coarse 
meal,  and  where  the  intestine  has  apparently  taken  on  a  sliiggisli  habit, 
rhubarb,  cascara,  aloes,  |)odophyllum^  or  cohuyntli  may  be  ordered, 
but  the  saline  exitharties  often  prove  more  satisfactory*  Rhubarb  tends 
to  cause  some  constipation  after  its  laxative  etfects,  but  is  often  used  in 
these  cases,  as  it  possesses  some  bitter  stomachic  action,  which  eoni pen- 
sates  for  its  astringent  a fter<' fleets.  Ttiis  bitter  action  is  often  given 
to  the  other  purgatives  l>y  the  addition  of  gentian,  nux  vomica,  or 
cinchona.  In  obstinate  constipation,  in  which  the  bowel  contains  hard 
fa?cal  masses,  the  milder  ]nirgatives  often  provoke  griping  without 
relieving  the  contlitiou,  and  in  these  cases  larger  doses  uf  colocynth, 
jalap,  pcHh^phyllum,  or  croton  oil  are  used,  along  with  some  of  the  ex- 
tracts of  the  atropine  group  or  with  a  carminative  oib  They  nuiy  he 
prescribed  along  with  some  of  the  saline  catharticSj  as  in  the  compound 
infusion  of  senna  or  the  compound  |jowder  of  jalap. 

Crotitn  oil  i^  used  especially  where  the  drug  is  required  to  be  of 
small  bulk  and  the  administration  is  attended  with  sjfeeial  difficulty  ; 
tlms  in  unconsciousness  or  mania  one  or  two  drops  may  be  given  on 
sugar.  In  leatl  ecdic,  croton  oil  is  said  to  act  more  nipitlly  and  etli- 
ciently  tliaii  the  others. 

In  some  forms  of  diarrhoea  constant  irritation  seems  to  be  kept  np 
by  the  presence  of  irritants  in  the  l>owel,  and  the  indications  are  the 
removal  of  these  by  a  purge  ratlier  than  the  administration  of  astrin- 
gents. Castor  oil,  senna,  and  rhubarb  arc  es|>e(*ially  atlaiited  for  this 
pnrjM>se  j  the  tw^o  fii^t  because  they  increase  the  irritatitm  of  the  bowel 
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tluui  the  otherfi,  the  latter  becuu^  of  it8  ^ub^eqiieut  a^triugeiit 


actioo. 


iften  adti 


^>tere<l 


of  moljiria,  j^yptiills  aiul  other  eoiKlitions,  ami  soems  tu  Imve  IjcnoHt'ial 

-,  although  these  are  diffieult  to  explain.      In  the  beginning  of 

fevers  also  a  purge  is  often   useful,  perliaps  throngh  the  eoiiges- 

•  f  thi-  b«>wel  withdrawing  the  blood  fmni  tlic  roi^t  (jf  the  bmly,  or 

^  ^be  removal  of  poi.sonoiis  substances  forraeil  hy  the  deeompo- 

r   .  -Li     t    the  inte'^tinal  content.^.      In  congestiyn  of  the  brain  a  pnrga« 

iic^  iaofleo  administered  with  g<.M>d  effects,  which  may  also  be  attribiUed 

totbr  firtnimulation  of  bkx>d  in  the  mesenteric  circulation,  and  perhaps 

lo  ^)mo  act  i on  a n alogii  u  s  to  co  u  n  tc  r-  i  r  r  i  t  a  t  i  o  n  o  f  t h  e  skin.      F« » r  t  li  ese 

puf|ifHit*s  a  sharp  pui^e  is  generally  u^sed,  cither  crotun  inl  or  one  of 

tht"  jaLiptn  an(i  colocyuthin  series. 

The  more  powerful  pui^tives  were  formerly  largely  used  to  remove 
"  '0  the  b(¥ly  in  cases  r»f  dropsy  i»r  tedcnia,  and  they  were  gcner- 
.  ribed  along  with  the  saline  i*atharties  for  this  pntpise.  The 
\i  aetioti  rtHpiiiiHl  is  weakening,  however,  luid  while  the  tltiid  h 
^, ,  I  Ir.uvn  to  a  greater  or  less  extent,  the  condition  of  the  patient  often 
tin  1  r .:  <"s  Utile  improvement,  so  that  this  measure  is  comparatively 

'     MOW. 

^tiou  of  the  pelvic  orgsins  induced  by  these  purges  is  not 

ifrec|ucntly  beneticial  in  cases  of  ameiiorrlHca.      Aloes  is  almost  exchi- 

cly  UM^l  for  ihi--^  purpose,  anti  is  generally  administered  along  with 

u  iir  with  myrrh,  wliich  is  credited   with  some  special  action  on  the 

gftittal  ai^ns. 

The  pur^gfjs  act  as  intestinal  disinfectants  by  removing  the  inicn>- 
orgaobfoa  mecbauically,  thotigh  the  vegetable  purges  are  less  used 
for  ihia  purptise  than  ealomeh  A  purgative  is  administered  to  remove 
poboiia  in  the  intestine  wfien  lliey  luiv</  passed  Ix-yond  the  stomach 
or  wlieti  lliey  are  extTeted  iiitci  the  bovvt'l. 

Purgatives  are  ^ntraindicated  in  conditions  of  a<'titc  intestinal  irri- 
ion,  and  during  menstruation  and  pregnancy^  owing  to  the  conges- 
pel  vTc  orgjins,  whidi  may  lead  to  an  excessive  flow  in  the 
and   to  alxjrtion  in   the  other  :  aloes  is  especially  dangerous 
III  thciSH*  ixindititrns.      In  collapse,  asthenia  and   an:emia,  powerful  pnr- 
veu   art?    contraindicated,    owing    to   the    irritatinn    they    pmdnee. 
hioniorrhoids,  aloes  is  often  said  to  do  harm  by  incrt^ising  the  con- 
f  the   rectum,  and    |>owerfni    |)nrges  are  injnriuus  from   the 
t  :  ihey  ciius*^,  but  if  fonslipation  is  present,  a  mild  purgative  is 

\     in  all  those  conditions,  if  a  purgative  is  required,  either 
uii  i»»i,  senna  or  rhubarb  ought  to  be  chosen. 

been  miide  to  pmduoo  evacontion  of  the  l>owels 
I  I  tan  eon  sly.       Hi  Her  fouiid  coloiynthiu  tlie  L^est 

a  tur  jtr-fcitiriil    jiurpos****,  altlii>injh  nloin  mitt   cnthartiuit-  acid   also 

ii  leiitly      Thp  iniortion  is  so  piunfiil,  however,  that  it  ought  only  to 

W  ^i«i«l  T*^*ours(«  to  in  exc't^i^tional  rinnimsliinees. 

.%jH>U)or  method  by  whi<  h  the  purjj^iitivcs  may  l>e  administered  is  in  enema. 
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The  addition  of  purgatives,  such  as  castor  oil,  and  of  bile  to  the  ordina 
eiiemata  has  been  practised  for  many  years,  but  Kohlstock  has  reoend 
drawn  attention  to  the  use  of  purgatives  by  enema  with  only  1-3  teaspoonfi 
of  fluid.  The  large  water  enema,  containing  a  pint  or  more  of  fluid,  m 
mainly  by  distending  the  bowel  and  thus  setting  up  peristalsis,  although  t 
soaps,  salt  and  other  similar  bodies,  which  are  often  added  to  it,  may  ha; 
an  irritating  effect  in  addition.  In  the  small  enema,  however,  distentii 
plays  no  part,  the  movement  being  elicited  by  the  irritaot  action  of  the  dra 
Kohlstock  found  that  colocyntbin  (0.01-0.03  G.),  aloin  (0.4-0.5  G.),  ai 
cathartinic  acid  (0.6  G.)  dissolved  in  glycerin  caused  purgation,  colocyntii 
arting  in  )-2  hrs.,  aloin  in  2-12  hrs.  and  cathartinic  acid  in  1-6  hrs.  Tl 
two  latter  were  certain  in  their  effects  only  in  cases  of  moderate  constipatio 
lie  attributes  their  action  to  absorption  fh>m  the  rectum. 
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VEGETABLE  ASTRINGENTS  —  TANNIC  ACID  SERIES. 

V  Ijrp'   number  of  vegetable  subshmces  owe  iboir  aiition   to  their 

amuiulug  taniilu  substances,  while  in  iniiny  other  preparations  the  ef- 

fecl  of  more  ttiiportxint  ei>iistitiients  is  modified   i)y  the  presence  of 

f^idely  distributed  bodies.     Tannic  acid  proper  is  derived  from 

ik  jc^ll,  and  $eems  to  C4:insi8t  of  an   anhydride   eomljiniition   of 

i   into  which  it  is  v^ry  easily  decomposed,  probably  according 

iA\  iug  equation  : 

Tkanie  acid.  Gallic  add. 

•IVk*  acid  is  formed  from  a  large  number  of  other  bodies  which 
ely  resemble  timnic  acid  in  their  general  features,  but  are  by  no 
identical  with  it.  Their  constitution  is  altogether  unknown, 
iiiiry  p06ses3  a  number  of  reactions  in  corunion  and  are  generally 
;  t^^ther  as  the  tannic  acid  substances.  Sjme  of  them  contain 
lM)p;Ar,  And  tannin  or  tannic  acid  is  theretbre  sometimes  said  to  be  a 
[IticcKifle.  These  bxlies  precipitate  albuminsj  gelatins,  alkaloids  and 
'  ^,  ami  the  salts  of  tlie  heavy  metiits.  The  salts  of  iron 
-black  or  greenish-blaf-k  precipitate,  and  an  attempt  is 
i(WDetimes  made  to  divide  the  forms  of  tannic  acid  by  this  rt^aetion, 
,  thi'v  may  be  better  indicated  by  their  origin,  as  kinotannic  acid 
buD  kioo,  catechu  tannic  acid  from  catechu,  etc. 
ictim.^ — The  pliarmafologiral  rireets  of  tliese  bodies  are  due  to 
llhtir  precipitating  albumins  and  other  proteids,  and  this  reaction 
Iait  ikef^fore  be  describetl  before  their  action  in  the  body.  If 
[iNDiieactd  solution   be  added  to  a  neutral   solution   t>f  albumin  or 

etio,  a  white  precipitate  falls,  which  is  entirely  insolulile  in  water, 
i^i^olnble  in  excess  of  albumin  or  gelatin,  in   acetic  or  laetic  acid, 
]  Mil  in  alkaline  solutions  J    iSolutions  of  jK^psin  and  of  peptones  are  also 
Ipft^pitated  by  tannic  acid  unless  in  the  i>n'S€'nco  of  an  acid.     If  pro- 
trkl  tamjale  be  ex|X)sed  to  the  acti<in  nf  the  gastric  jni<'e  it  underg(x*s 
i  Ji|n>tion  and  is  dissolved  in  the  same  way  as  an  ordituirv  coagulated 
pftfteidsuch  as  fibrin.      During  the  jirocess  the  tannic  acid  is  set  free 
fffiraits  combination  apparently,  and  can  precipitate  untligested  pro- 
^♦iH.%  although  it  has  no  effect  on  the  peptones  in  the  acid   medium, 
"ben  a  soluble  tannate  is  formed  by  the  addition  of  soda  or  potash  to 
Btiimiu'aeid  solution,  the  presence  of  proteids  jiroduces  no  precipitate^ 
^"'affinities  of  the  acid  l»eing  satisfied  by  tlie  alkali,  and  for  the  Siinie 
^**sin  the  taDuic  acid   precipitate  is    dissolved    in   the    prctscnce  of 

Taiinfc  acid  applied  to  animal  tissue,  as  in  the  tanning  of  leather, 

^jJ^a  precipitatiiin  of  the  proteids,  and   the  tissue  becijuics  luirder 

iugher  and  tends  to  shrink  together  ;  at  the  same  time  it  hiis  less 

*icy  to  undergo  putrefactive  changes  and  does  not  lose  its  flexi- 

_  ^e dUcrepancies  in  the  acrnunts  of  different  authors  in  njgord  to  th)?f*e  reactions 
f^l^kwfm  due  to  %*iiniitinns  in  the  iimoimt  *>f  the  neutral  salts  in  their  preparations. 


'•"^oountgircn  by  Lewin  has  been  followed  in  tbe  text. 
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bility,  as  it  would  in  drying.  Strong  solutions  cause  an  immediate 
denst'  pn^i'iiiitatij'  of  the  proteids  on  the  siirfitoe  and  prevent  the  further 
penetration  of  the  eongnlating  iWul,  wliile  ihe  more  dilute  *?fdntions  are 
believed  to  penetrate  more  deeply  and  thns  to  eause  a  more  complete 
preeipitation  of  the  proteid.^  of  the  ti.^sue. 

Tsinnie  add  solutions  have  a  ]jar>^h,  bitter,  *' astringent "  taste  and 
produce  in  the  mouth  a  feeling  of  eonstrietirmj  dryness  and  rough- 
ness, along  with  a  sense  of  stiffness  in  the  movements  of  the  tongue, 
and  some  loss  of  taste.  These  efieets  are  due  to  the  coagulation  of  the 
supertieia!  layers  of  proteid  both  within  an<l  without  the  epithelitinii 
which  substitutes  for  the  ordiuary  smootli  surface  a  firmer,  less  even 
one,  over  which  the  tongue  eau  no  longer  move  easily.  The  feeling 
of  constriction  may,  jjerhaps,  be  caused  by  an  actual  shrinking  of  the 
superficial  layers  of  t!ie  epitheh'um,  or  may  be  due  merely  to  the  im- 
paired movements  and  sensatiou. 

The  astringent  feeling  is  tHiutinued  in  the  throat  as  the  solution  la 
swallowed,  and  occasionally  some  diseomibrt  or  even  nausea  and  vomit- 
ing are  provoked  by  it,  but  as  a  general  rule  no  such  eftects  are  observed.  ^ 
The  stools  are  rendered   harder  and  firmer  by   the  administration  of  fl 
t a  n  u  i c  ac i d ,  and  t'o  n s t i  pa t i o  n  i s  * i f t  e n  p  r<j<  1 1 j ceil  1 1 y  i t .     I  u  e x c^es s ,  t a n  n  ic 
acid   sometimes  causes  irritatiffu  of   the   intestine  and  diarrhwa,  bat 
beyond  these  symptoms  of  local  irritation  of  the  stomach  and  bowel|M 
no  effects  arise  from  even  enormous  quantities  of  the  drug.  ^ 

In  the  stomach,  tannic  acid  combines  with  any  proteid  substance  with 
which  it  may  come  in  contact  and  precipitates  il,  but  as  digestion  pro-fl 
gresjic^s,  this  combi nation  is  broken  up,  as  the  peptones  do  not  combine" 
with  tannic  acid  in  acid  solution,  and  the  astringent  action  is  therefore 
exercised  on  the  walls  of  the  stomach  and  iutestiue.     Ordinary  quanti- 
ties cause  the  same  sujiCrticial  coagnlatiou  as  iu  tlie  mouth,  but  if  large 
I  doses  be  given   when   the  stomach  and   iutestiue  are  not  protected  by 
^foodstuffs,  a  more  complete  coagulation  of  the  mucous  membrane  takes 
place  and  the  conset|Uent  irritation  results  in  vomiting,  and  sometimes 
in  diarrha^a.     The  increase  in  tlic  consistency  of  the  stirols  is  probably 
due  to  the  layer  of  coagulated  proteiil  acting   as  a  protective  to  the 
bowel,  lessening  its  irritability  and  thus   retarding  its  movements,  so^ 
that  there  is  longer  time   for  the  absorption  of  the  fluid  part  of  its" 
contents,  although  this  proceeds  more  slowly  under  tannic  acid  than 
normally  (Gebhardt).     Yeasts  and  microl>cs  are  precipitated  by  tauniu^ 
and  this  may  tetid  to  lessen   tlic   fcruieutatious  in  the  Imwcl  iu  some 
rcjases,  although  some  ]>r(*pa rations  of  tannic  acid   which  have  been  ex- 
amined in  regm-d  to  this  point   have  been  found  to  have  little  or  no 
effect  on  intestinal  putrefaction. 

The  loc<iI  a[>plicat!on  of  tannic  acid  caust^  a  diminution  of  the  se- 
cn^tions  of  glands,  as  has  been  demonstratLH^l  by  Schiitz,     This  is  due 
to  its  effects  n]ton  tljc  protoplasm  of  the  secreting  cells,  which  probably 
luidergo  the  initial  stages  of  enagidation.  h 

It  was  foimerly  believed  that  tannic  acid  caused  eonstrietioii  of  the^l 
vessels  of  any  part  to  which  it  was  applied,  but  some  doubt  has  been 
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on  this  by  the  experimental  results  (obtained  hy  Roseiistirn  and 
Heinx,   the   mo.st   recent   \vrit:4^r  on   the   subject,   found    that 
of  tannic  arid  of  kss  strength  tlian  h  ]y*-'v  cent,  caused  cuii- 
n(  the  nieseuteric  vessels  of  t!ie  frug  or  nibbit  wheu  aj>piii^d 
ly,  wliile  more  cDucentratefl  Jrsolutioiis  ceased  transient  conatric- 
[follawisd  by  dilation.     Another  hieal  effect   prodnccd   by  tannic 
ikseen  in  the  cessation  of  the  movements  of  the  h?ncocytes  iu  tlie 
ismuDil  the  point  of  application  and  the  arrest  of  their  diapedesis 
^h  the  walls  of  the  ves&eU. 

en  tannic  acid  ooraes  in  contact  with  blood  in  a  test-ttibe  it  pre- 

>  the  ulhnrnins,  and  when  it  is  lujecled  intravenously,  the  preci|i- 

aed  lead*  to  the  forniation  of  emboli.     The  alkaliuL'  tannatcs 

i  generally  belie  veil  to  be  entirely  devoid  of  astringt^nt  etf'ects,  unless 

the  tannic  acid  is  freetl  from  the  eoni lunation  by  tlie  presentee  of 

id,  but  according  to  Heinz  and  Gottlieb  the  astringent  action  is 

weakened  and  not  entirely  retnoved  by   combination  with  the 

fate  of  tannic  acid  in  the  l>ody  has  gi%^en  rise  to  some  disenssion. 
it  Is  taken  internally  a  small  proportion  is  sometimes  eliminated 
bi»wel  unchanged,  but  very  often  none  is  to  be  fountl  in  the 
i;  traces  are  ajiparently  alisorbed  and  excreted  in  the  urine  as  so- 
tannate  in  iKJth  man  and  animals,  although  some  investigators 
fjiiW  to  detect  these.  When  sodium  taonate  is  administered  in- 
Hy,  a  distinctly  larger  amount  of  it  is  absorbed  and  reap[)ears  in 
But  much  tlie  greuter  part  of  the  tannic  acid  is  deeompnsed 
-tine  into  gallic  acid,  some  of  which  often  passes  out  in  the 
'  in  the  urine.  Only  about  one  per  cent,  of  the  tannic  acitl 
lUowed  reappears  in  the  excretions,  either  as  tannic  or  gallic  acid  ; 
'  n^t  ap|>arently  undergoes  complete  oxidation  in  the  tissnes,  for  no 
tber  trace  of  it  can  i>e  found.  After  tannic  acid  is  adiuinistered, 
^liaaic  or  gallic  salt  is  present  in  the  blimd,  for  iron  salts  give  a 
'color  to  it,  bnt  it  is  impossible  to  state  whether  this  is  tannin 
'  a  gallate,  although  in  ail  probability  it  is  the  latter.  Accoixling  to 
Hack,  the  gallic  acid  in  the  urine  sometimes  forms  pyrogallol  on 
*<ling,  but  this  poisonous  suhst^incc  is  not  formed  from  tiiunic  acid 
I  the  iotesttne  or  tissues, 

Tiirmic  acid  then  does  not  exist  in  tlic  tissues  as  such,  but  only  in 
'  form  of  traces  of  the  gal  late  or  tannate  of  soda,  which  are  so  small 
to  l>e  devoid  of  astringent  pro  pert  ias.  Tannate  of  soda  seems  to 
ivt*  no  action  whatever,  while  gallic  acid  has  no  further  pro|>ertieH 
an  other  weak  acids.  Theoretieally,  therefore,  it  is  to  be  expected 
'  llie  effects  of  tannic  aeid  are  limitinl  to  the  point  of  application, 
I  tber?  ig  no  evidence  of  any  weight  that  it  exercises  any  action  after 
on, 

.  win  ^i&U'n  that  the  muacles  of  the  fro^  are  altere*!  in  elasticity  after  the 

Tl^l'f^ioTj  of  tannic  acid  subeutaneously,  and  an  old  observation  is  reenrded 

I  flrhieh  the  spleen  was  supposed  to  undergo  eon  t  met  ion  when  tannic  arid 

^*s  iMlmmiistered,  but  the  methods  adopted  render  tiiese  observiitious  worth- 
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lesR.     TanDic  add  is  oilen  said  to  lessen  the  albuminuria  in  certain  fonxisii 
Bright' s  dif*case,  hut  the  only  exact  determinations  which  have  been 
in  man  showed  Uuit  no  *?iR'h  elfect  \va.s  preiient,  and  in  Hibberts'  experin 
the  animals  were  moribinKl  when  tJie  impiovement  oeeurred,  and  na 
deductions   ean    be   made   therefore.     The  urine   is  sometime*^  &?aid 
diminished  by  tannic  aoid^  hut  this  statement  is  based  on  error. 
allt  tannic  aciii  is  said    to  lessen  internal    hemorrhage  by  eontraetina 
vessc*Is.  but  tnnnate  of  sodn^  the  only  form  in  which  it  can  exist  in  tbef 
\»  entirely  devoid  of  action. 

Gallic  acid  given  by  the  mouth  is  absorbed  and  ii?  excreted  by  the  kid 
to  some  extent.     Much  of  it  disajipears  in  the  tissues,  however^  appan 
by  oxidation.    The  excretion  of  uric  acid  in  the  urine  is  considerably  red 
by  the  administration  of  gallic  add. 

The  oimierous  preparations  of  the  pharmacopoeias  which  owe 

activity  to  tlieir  containing  tannic  acid,  differ  from  the  pure  drug  in  { 
the  acid  is  only  sUnvly  dissolved  out  from  the  tx>lloid  mass,  and 
fore  acts  less  on  the  stomach  and  affects  a  greater  length  of  iot 

Preparations, 

Acidum  Tanmcum  (IT.  g.  P. ,  B.  R),  tannic  acid,  p^allotannic  acid  or  di^ 
acid  (liC\^H,0,),  an  organic  acid  obtained  from  nut  gull,  OJ-0,6  G.  (3 

gre.)- 
Glycebitum   Acidi  Tannici  (U.  S.  P.),  Glycerinum  AciDi  T. 

(B.  P.). 

Ufiguetifttm  Achll  Tanntei  (U.  S.  P.), 

Coi'lodiiim  Styptieum  (IL  8.  P.)» 

Trochijivi  Acidi  Tannici  (U.  8,  P.),  0.06  G.  (1  gr.);  (B,  P.),  J  gr.  in 

Suppoiiiioria  Acid  I  Tannici  (B.  P.),  0/2  G.  (3  grs.)  in  each. 

Acidnm  dallicuiii  tU.  S,  P  ,  B.  P.),  gallic  acid  (HC.HpJ,  an  organic; 
usually  prepared  troni  tanuie  aeid,  has  no  astringent  properties,  nor,  in 
any  qualities  which  render  it  of  value  in  medicine. 

Catechu  (U.  B,  P.),  an  extract  prepared  from  the  wood  of  Acacia  Cat^ebv 
1-2  a  (15-30  grs.)^ 

TiNCTURA  Catechu  Compobita  (U.  S.  P.)  (flavored  with  cinnamon),  2— ■ 
12  CO.  (A-3  fl.  drs.}. 

Troehfsci  CWechit  (U,  S.  P.). 

Cateehu  contains  eateehutanuie  aeid  and  ea  tech  in,  a  compound  of  tanni(5 
acid  which  gives  most  of  the  tannic  acid  reactions^  but  does  not  precipitatai 
gelatin. 

Catechu  (B.  P.),  an  extract  of  the  leaves  and  young  aboots  of  TJncaniii 
Gam  bier, 

TiNCTUEA  CATECHtr,  A-1  fl.  dr, 

Trochiscus  Ottechu.,  each  rontaiuing:  0.065  G,  (1  gr.)  of  catechu. 

Pulvis  Oilechu  OMnposittis  contains  catechu ,  kino,  krameria^  cinnamon 
nutmegf  10-40  grs. 

Krameria  (U.  S,   P.),  Rhatany,  the  root  of  Krameria  triandra  q 
Krumeria  Ixiua,  Krameria  Eadix  (B.  P.),  the  dried  root  of  Para  Rhj 
{Krameria  arsrenteay)  or  of  Peruvian  Rhatany  (Krameria  triandra), 

KXTIiACTlTM  KRA.MERI.E  (U,  B.  P.,  B.  P.),  0.3^1  G,  (5-15  grs.). 

Ktiraclitm  Kffttfifriir  Flnidum  (U.  S,  P,),  0,5-4  c.c.  (10-60  mi na»). 

Tindura  Kmmcrue  (U.  B.  l\,  R.  P.),  2-8  c,c.  (i-2  fl.  drs.). 

SifniptiS  Kramcnic  (U.  a  POr  2-10  c.c.  (i-3  fl,  drs.). 

Liquor  Kramrrke  Gmccntrafnn  (B.  P.),  J-l  fl.  dr, 

Inftnttitn  Kramrrim  (B,  P.),  j-l  tl,  OZ, 

Trochisci  Krnmeriie  (U.  S.  P,,  B.  P.)- 

Trochiscus  Kramenm  ei  €bcfli?ije  (B.  P.),  each  containing  ^  gr.  of 


) 


VHUHT^lMhE  ASTBISQENTS—TAJS^W  ACID  SERIES.         115 
Ki]M»  fV,  ft.  P.,  B.  P.),  the  mspis^ated  juice  of  rterocarjius  Mui'supium, 

.  (U.  8.  P.,  B.  R),  2^  C.C.  (J-^2  fl.  dre.), 

I'L  LVL-  Ki-so  CoMPosiTiTs  (B.  P.  K  dontuiiis  5  per  euut.  uf  opium,  5-20  grs. 

ffamtmalis  (U.  S.  P.),  HamameUdis  Falia  (B.  P.),  Witc^hhu/e],  the  leaves 

of  HainamelH  Virgifuaua,  coiiUutis  Uumic  ariil^  u  vulutili^  oil  and  a  bitter. 

Hitmiimeiidid  LhrU£{B,  P.),  the  dried  bark  of  Ha  mum  el  its  Virgiuiaua,  witch- 

Egif^eium  fffiviameHilis  Ftuidum  (XT.  S*  P.),  2^  c,e,  (|-2  fl.  drs,). 

SMirtaHitm  HamamfUdin  Liquidum  (B.  P.),  5-15  mius* 

LifMOr  Uataamtlidin  (B.   l\). 

n«cr«tra  Hamamelidij*  (B.  P.),  j-1  fl.  ilr, 

Vmguenlnm  Sanknmefidin  (B.  P.). 

Haaatosylon  (IT.  S.  P/),  Haematoxyli  Li^Tim  (B.  P.),  Logwood,  the 
btsft-irood  of  Hteamtoxyloii  caiiiperhiantim. 

Ertrttetum  Htrmatoxyli  (U.  S.  P.),  0  5-2  G.  (10-30  grs.)* 

Dex^t€tuM  iftrmatoxifli  (B.  P.),  i-2  fl.  oz. 

INffUlyptl  Gumiili  (B.  P.)«  ^  mby-culoriHl  exudation^  or  F^o-called  red  gum, 
frm  the  tmrk  of  CucatypluB  rostrata  aud  sume  other  species  of  Kucalyptus* 
'   '*  ITT*. 

i^^ickimtuM  Bucatypti  Oumm  (B,  P.),  each  eontainmg  1  gr.  of  the  gum. 

O^rmidfira  (V,  8.  P,)^  Cnuiesbill,  tlic^  rhizome  of  Gerauium  maculatum. 
1-2  O    (I'>^iagr3.). 

Ihrfr^ctfitm  Geranii  Fluidum  fU,  a  P,),  2-4  c,c\  (30-60  mius.), 

EabHA  (U.  8  P.),  Blackberry,  thts  hark  of  the  root  of  liubuB  villosud,  R, 
CiMHSettslA  aud  R.  triviaiis. 

Btirmetum  Rubi  Fluiduf/t  (U.  8.  P.).  2-8  c.c.  (J-2  U.  dw.), 

^rmpm  Suti  (U.  8,  P),  2-8  c  c.  (i^2  fl.  drs.), 

mllA  (U,  8.  P,»  B,  P.)»  y«t-gali,  au  exrresiu'nco  on  Querous  luBitonlca 
itifi«ctoHu«  B.  P.)^  one  of  the  oaks,  cauHetl  by  the  puuctureB  and 
uTa  of  ao  iusci't,  Cvnips  (rallie  tin<'torue. 

Timelmm  GixUm  (U.  H.  P.),  2-12  cc. 

VmgmmUum  GaUm  (U.  S.  P.,  B.  P.). 

difamCmii  €hUa  cum  Opio  (B.  P,)  eoutams  7)  p^^r  cent,  of  opium. 

OMtema  (U.  8.  P.),  (1ie?>tuiit,  the  leaves;  of  Ca^^lauea  deutata, 

Rdmtium  CaMianmr  FtuUlnm  (U.  8.  l\),  2-4  c,e. 

QstKQi  alba  (U.  8,  P.),  ubttt^  <Mik  tmrk. 

uns  glabra  (U.  8.  P.),  Mie  tVuii  of  ^umtich. 

Etirmeium  Hhotn  (Hnhru;  Ftuiditm  (Ih  8.  P.)v 

Bvmr  (U.  8.  P,)«  yellow  dock,  the  root  of  Rumex  crispus  and  of  some 
•i|li#r  apedrm  of  Rumex. 

Siifmeiitm  RumiciM  Fluidum  (XL  8.  P.),  2-4  e,c. 

Heveml  new  preparation*  of  tannic  acid  htive  l>een  introduced  luto  them- 
of  late  yearn^  chicHy  for  use  as  intestinal  aslringcnt«.  Tannic  acid 
is  liable  to  produce  irrilatioti  of  the  t*toiuaeh,  and  t*t>  lie  decom- 
l  or  absorbed  to  a  large  extent  before  it  i-caehcjii  the  large  intestine^  and 
iftllboogli  ibo  cruder  preparations  are  le»*s  liable  tf » the^e  changes,  even  I  hey  ure 
bj  no  VH^^i  '  i<  I  of  disagreeable  features.  Meyer,  therefore,  in  trod  uetKi 
•aABfffni,  '  Itiinnin,  in  \vhi<  h  two  of  the  oripiial  hydroxyl  groups  of 

.^ria  iiriL*  replaced  by  acetyl.     This  body  is  exceedingly  insoluble  in 
i*  tl»«4solve«i  by  alkalies.     It  was  hoped  that  it  would  remain  in.^ol- 
I*  'lb  and  only  commence  to  act  in  the  lw>wel,  and   Rost  finds 

%}.  1  rutiuu  by  the  mouth,  it  occurs  in  the  human  fanvs  in  small 

quaulity  a^  tm  t,  while  in  the  cat  it  pa8Si*s  thnaigh  the  alimentary 

fuial  in  pari  u  I.     At  the  same  time  the  prc^^ence  of  gallic  acid  in  the 

QfittT  I     '  juMt  of  it  uncJergrjes*  the  fate  of  tannic  acid.      Tannofm'm 

hia^i  lar  combination  of  tannic  aeitl  and  formablehyde,  while 

»ifi  isi  a  KtiU  moro  receut  and  untried  member  of  the  scries.     Both 
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tanuigen  and  taDnoform  ure  astringent  in  the  mouth  and  s^tomach,  I 
tht?  buwel  owing  to  their  inscilubility*  Ihe  f{iur<t,tlbht  uf  i;ottleii»,  on  ih^ 
other  hand,  is  a  combination  of  taniAic  acid  and  albumen,  dried  at  such  ^ 
tempei-ature  as  to  prevent  tbeaciion  of  tiie  gaiitric  jui<'e  upon  it,  but  aipubli 
of  being  broken  u]»  hy  thi-  more  powerful  pancreatic  fluids^.  It  i.s  entirrJf 
insolnliie  and  is  not  astringent  until  digested  in  the  bowel,  so  that  it  ha8  oo 
irritant  aetion  on  the  stomaeli  and  is  tasteles^s.  Rost  foniid  t^tinalbin  ajid 
tannic  aeifl  in  the  fieees  of  the  eat  after  its  administriition,  wliile  utdy  gaJIic 
aeid  oecurH  in  the  st4Kds  and  urine  in  man^  showing  that  in  the  latter  tl»e 
whole  of  the  tannalbin  admitiistered  is  deeorn posed  in  Ms  passage  throu^ 
the  alimentary  eMUah  Timnacot  \if<  a  eonihjnalion  of  tiuinic  aeid  and  gel 
resemliling  tannalbin  in  most  resptHits, 

Tannigen,  0.5-2  G.  (10-:^0  grs,),  in  powder, 
Tannalbin,  0.5-2  G.  (10-30  grs.),  in  puwder, 

Seveml  combinations  of  gallie  acid  have  been  introduced  of  late  yi 
aMringentj^,     They  can  have  no  sneh  effect,  however,  and  mnst  be  reganl< 
as  additions  to  the  gTouj*  of  inert  protective  powders,  wbieli  is  already  rep- 
resented in  overabundance  in  tberapeuticH, 

Therapeutic  Uses. —  The  prcpuratiun.s  of  tauoio  acid  ouglit  to  be  us^ed 
for  their  hjcal  ettccts  exclusively.  They  arc  applied  externally  in 
cases  of  excesi?ive  secrcdion,  as  in  local  sweating  or  wt^^ping  nleei^s,  Jiud 
oc;casi*>iially  ti>  harden  the  skin.  For  this  purpose  tannic  acid  ouiy  be 
u&ed  ill  s4]»!ution  in  water,  or  iu  the  form  of  tlie  glyeerite  or  ointment, 
or  some  other  fluid  preparation  may  be  preferred.  The  styptic  collodion 
may  also  be  employed  for  this  purpose,  the  evaporation  of  tlie  solvent 
leaving  the  surface  covered  witli  a  thin  layer  of  eollodion  inipre^natal 
with  tannic  aeid.  Tannic  acid  h  used  as  a  month  w^ash  in  cases  of  swol- 
len gums,  or  relaxed  throat,  and  may  here  be  prescribed  in  a  flavored 
solution  or  in  the  form  of  lozenges,  of  which  the  pharraaeoj>cBia  offers 
a  choice.  In  certain  forms  of  diarrhrca  the  astringent  action  of  tannic 
acid  is  of  considerable  value,  ami  occasionally  when  such  drugs  as 
e<>d-liver  oil  aiuse  tliarrhrea^  tannic  acid  prevents  this  action  without 
hindering  their  general  effects.  The  pure  drug  is  seldoni  used  in  these 
ceases,  as  it  is  liable  to  derange  the  stomach  and  to  form  compotinds 
with  the  albumins  l>efore  it  reaches  the  bowel,  and  cateehiij  krami^ra 
or  kino  is  accordingly  prescribed,  either  iu  the  form  of  pills  or  in  fluid 
preparations.  Possibly  all  of  these  may  be  rt^placed  iu  the  earl/ 
future  by  such  artificial  compounds  as  tannigen  or  tanualbin,  Taaoit? 
aeid  stops  hemorrhage  by  precipitating  the  proteirls,  when  it  etmied 
into  immediate  contact  with  the  bleeding  p(ant,  but  it  is  not  of  so 
much  value  for  this  purjMse  as  some  of  tlie  metallic  astringents. 
When  the  l)leeiling  point  can  be  reached  directly,  the  pure  aeid  is  used, 
but  for  hemorrhage  of  the  intestine  or  stomach  one  of  the  extnictsis 
preferred.  Large  enemata  containing  tannic  acid  liave  been  advist*^ 
in  cholem,  dysentery  ami  similar  conditions. 

In  cases  of  poisoning  with  metals  and  alkaloids,  tannic  acid  is  ofted 
used  to  cause  their  precipitation  in  the  stomach,  but  the  t annate  formtti 
must  be  removed  at  once,  as  it  is  gra<liially  dissolved  in  the  digestive 
fluids.     The  admin ist ration  of  tannic  acid  is  therefore  only  a  teni-' 
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rv  expedient  to  allow  of  active  measures  being  taken  to  enipty  the 

individuals  are  [peculiarly  susceptible  to  the  action  of  taunic 
which  indaecis  local  irritation  and  inflammation  wherever  it  is 
ill  these  cases. 
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K.     ANTHELMINTICS, 

Aothelminties  are  drugs  which  are  used  to  kill  or  remove  iotestin^al 

They  possess  no  snch  mutual  resemfJliinces  in  their  effects  as 

rSet  with  ID  the  purgatives,  and  their  arrangement  iu  a  class  is 

*fore  artificial ;  at  the  siiuie  time,  they  liave  iu>  marked  aHiuities 

ith  other  groups,  and  it  is  couvenient  to  have  those  bodies  which  are 

1  exclusively  for  this  purpose  placed  together. 

In  order  to   possess  any  value  as  an  anthelrainticy  a  drug  must,  of 

ur^%  nvt  more  strongly  on  tjie  parasite  than  on  the  host,  and  this  more 

iit'tise  etecl  may  be  attained  cither  by  a  specific  action  on  the  para- 

e,  or  by  the  drug  failing  to  be  absorbed  from  the  alimentary  canal. 

s  a  matter  of  fact,  the  anthelmintics,  with  the  possible  exception  of 

pflletierine,  have  do  such  specific  action,  and  their  use  is  rendered  pos- 

sUe  only  by  their  slow  absorption.      In  this  point  they  resemble  the 

por^mlives,  from  which  they  iliffer,  however,   in  causing  little  or  no 

titation  in  the  stomach  or  l>owcL 

Anthelraintics  are  often  divided   into  vermicides  and  vermifuges, 

rtKng  as  they  kill  or  ou^rely  cause  the  ejc pulsion  of  the  worm,  but 

is  determined   largely  by  the  quantity  which  comes  in  contact 

itlte  jwirasite  and  the  rapidity  with  which  the  bowel  is  evacuated, 

*  distinction  is  imaginary. 

Before  tiie  admiuistration  of  an  anthelmintic,  the  1jo%vel  ought  to  be 

lltoptiwl  of  ita  contents  as  far  as  possible  by  a  light,  easily  digested 

]«ictand  a  laxative,  and  a  brisk  purge  ought  to  follow  some  hours 

«ttt,  in  order  to  remove  the  dead  or  stupefied  wtjrm.     The  autliel- 

rainlic  is  often  prescribed  along  ^vith  a  purge, 

A  nuraWr  of  drugs  l)elongiug  to  other  groups  arc  used  occasionally 
^^thelmintics.     Thus  several  of  the  volatile  oils — tansy,  turpentine — 
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have  8otiie  reputation  ;  and  chloroform  is  also  adminlstereil  oceasion 
by  the  mouth  for  its  action  on  the  parasites,  but,  like  the  volatile^ 

is  apt   to  produce  ga.stric  and    intestinal  irritation.     The   less 
absorbed  antiseptics,  such  as    tiaphihrd»    have    been  used   witli 
results*.     Large  eixemata  of  salt  solution,  or  of  infusion  of  qii 
arc  thrown  into  the  rectum  when  the  worms  infest  tlie  hirge  intesti 
Tlie  anthelmintics  prtjper  may  be  divided  into  tliose  which  are  ue 
tajieworm,  of  which   ttuth^  /cm^  cui^Ho  and  pomef/rauafe  are  the 
largely  used,  and  those  for  the  round  worm  of  which  sanionhi  is 
chief.     Besides  these,  an  enormous  nnmljer  of  substances  have 
used  popularly  as  anthelmintics,  but  have  not  been  show:n  to  ha%*e  I 
advantages  over  those  more  generally  adopted  in  medical  practice. 


Mala  Feni  (Aspidium  Filix-nms). 

A  number  of  ferns  contain  bodies  which  present  oonaiderable 
semblance  to  each  other  from  a  chemical  as  well  as  from  a  phar 
cx)logical  pfHJit  of  view,  and  which  may  therefore  be  classed   ttigeti 
at  any  rate  until  further  information  is  available  regarding  them, 
best  known  of  these  is  the  male  fern  (Aspidiuni  Filix-mas),     The  ac 
constituent  of  tliis  remedy  was  supposed  to  be  FUwir  Acid  by  Pouls 
but   Boehm  has  found  a  series  of  neutral  and  acid  bodies  present 
much    larger  amount  —  ^^Kpii^^jji^.  AHpldinift,  Fiara^pklic  Acid,  AIIhI" 
^pidin  and  AHpidinol  —  of  which  aspidin  is  contained  in  largest  quantity  i 
in  the  root  and  is  the  most  iniportiint,  although  aspidinin  is  also  highly  ' 
poisonous.     A  nnmlier  of  these  constituents  have  been  sliown  to  hi 
derivatives  of  pldorcjglucin,  and  it  is  probable  that  they  are  all  ck*H?ty 
related.     The  therapeutic  and  toxicological  effects  of  the   male  ferjj 
are  to  be  attributed  then  to  aspidiiij  aspidinin  and  tilicic  acid.^  ^| 

Action.— The  extract  or  oleoresin  of  male  fern,  wliich  is  the  only  olfl 
of  these  plants  used  in  regular  medicine,  as  a  genera!  rule  passes 
through  the  l>owel  without  causing  any  symptoms  whatever.  The 
quantity  of  active  substance  dissolved,  while  sufficient  to  dcstrov  (he 
parasite,  is  too  small  to  produce  any  eifects  on  the  host,  and  eseapfS 
with  the  other  con  tenths  of  tlie  bowel,  or  if  absorbed  does  not  cause  anv 
symptoms.  In  some  eases,  however,  where  large  q nan ti ties  are  admin- 
istercil,  or  where  some  unknown  conditions  favor  the  absorption  and 
rt^tention  of  an  unusually  large  amount  of  the  active  constituents,  grave 
and  even  fatal  symptoms  may  supervene.  These  consist  in  vomiting 
and  purging,  with  acute  pain  in  the  abtlomen,  muscular  weakness, 
confusiun  and  somnolence,  with  occasional  twitching  of  tlie  muscles,  or 
slight  convulsive  movements,  collapse,  coma  and  death.     The  stomach 


'  Nearly  relatft!  bodie?^  haveljet'n  founrl  in  Aspidiivro  atbamaiiticum  ( Fneomocomo)f 
wliirh  conUuris  two  farms  of  Fnnnk  Ariff.  and  in  Aspidium  spinulcKsum,  while  gmaJler 
qtmn titles  uf  Qcidw  occtir  in  a  lar^e  nMinber  of  ferriH. 

Sevenil  Lif  tht'se  feme;  enjoy  a  repiaalion  as  anlhelmintcs  for  tapeworm,  and  thdr 
virtues  are  generally  considered  dne  to  lliest^  InnlieiiT  although  Kowrt  tuainlaijui  T  ' 
it  h  piirtlj  to  be  ascribed  to  tbe  fixed  or  volatile  oils  wbieb  aecompaoj  them* 
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ml  bteifiiie  are  found  congested  and  swolleri,  and  sometimes  covered 

vitlmiiall  eecliynioseij.      In  some  cases  icterus  lia.s  been  observed  to 

fcllivir  llw  admiDi.stration  of  male  fern,  prt»bably  from  tl»e  duodenal 

canrrh,  hut  |inssibly  fmm  destruetron  of  the  red  blood  eelU,  the  num- 

if   has  been   found    to    be  diminislied   in  wonie  instariees 

V I ,      I  n  o  t  h  e  r  ea.'-ea  pe  rra  a  n  e  n  t  o  r  te  ro  j ><  >ru  r y  b  1  i  n  d  i  less  1  las 

(wa  ohservely  without  any  dLstinet  opiithalraoscopic  api^earances. 

la  tb»  rmbbitf  lilicic  acid  produces  very  similar  syinf^toms.    The  conpeslion 

id  Iht  •frtmar-b  and  latcistine  i.s  evidently  due  to  the  lot-al  irritation  prodiict'd 

kjr  t>  '    while  the  other  symptoms  jujint  to  chimgtvs  induced  in  the 

mmtr*^  i^  sye^lem.      It  would  ecem   probable  that  the    spinal  cord  is* 

aiMod  in  Uic  same  way  as  by  strychnine,  for  the  re  Hex  excitability  is  dis- 

Itncd/  liicreiiAed*     The  higher  partt^  of  the  central  nervous  nyslem  Keem  to 

h%  J»|>rcflttt>d^  and  the  paralysis  of  the  re&pimtor^'  centre  is  the  cau^e  of 

deillly  altbotigh  the  heart  \^  also  weakened  by  tilicie  acid.     Inflammation  of 

Ihekldliey  is  said  by  ^3 me  authors  to  occur,  and  in  some  cases  PouIhsou 

iMnd  «¥filtnc.«!  of  glyeurouic  acid  in  the  nriue. 

la  ike  f^g,  A  mixture  of  depre^^ion  and  stimnhition  of  the  central 
nrnrotts  lytttem  is  produced  by  ti I ii*ic  acid,  along  wit li  a  distinct  dimiuution 
is  tlM  simiigth  of  the  skeletal  mui^ele8  and  the  heart. 

Aifildla  injected  into  the  frog  cauj!<c*s  dyHpuoni  foHowed  by  paralysis  of  the 
ipontanaiHut  imd  re3pirat4jry  movemeuts  ;  fibrillary  twitehinj?  of  the  mufl<.*le^ 
iili  hi  aller  some  time  and  ia  *?uceee<lttl  by  convuUive  movementrt  or  tonic 
wgmMmm^  miiich  indicate  an  increased  activity  of  the  re  Hexes  of  the  spinal 
C0e4,  The  bt^urt  is  depre^ised  and  eventually  paralyzed,  and  the  peripheral 
ttOiolos  arc  also  wtuikened.  The  muscular  tissue  of  the  invei-tebrates  Ls 
■iuarvpoW«rfVilly  affected  by  theconslitueotHof  male  ^i^rn  and  SIrunb attributes 
lU  at!tioo  fin  the  tapeworm  to  its  paralyzing  muscle.  Mammals  do  not  seem 
In  W  nHinrtf^d  hy  n^spidin  injected  hypodeniiieally  or  administered  by  the 
IT  '  it  is  introduced  directly  into  I  he  tilood  vessels,  it  proves 

tt  ::  the  respiratory  centre.     A>piilinin   induces  very  similar 

«)rttt|ttonkH  III  the  IKig,  while  the  other  eonstituents  are  less  active, 

Ti«^  Witidness  which  has  been  observed  in  some  cases  of  male  fern  poison- 
laS  b  *  <»n  produce^l  in  dog^  ;  it  occurs  chieHy  in  young,  weakly  and 

ftUBiii.  'limN,  and   is  due  to  the  degeneration  and  atrtiphy  of  the 

JMlJlnni  the  retina 

Ftaltlc  .  r»  fnnu  filicic  chiefly  in  Its  acting  more  strongly  on  muscle 

sad  lap  on  Lbu  central  nervous  system  of  the  frog. 

Preparations. 

^^^toa  (U.iB*  P.),  Male  fern,  the  rhizome  of  Dryopteria  Filix-mas  and  of 


^nalis,  riUs  Has  (B.  P.),  Male  fern,  the  rhizome  of  Aspidium 


A^iTOii  (IT.  a  PK  2-S  c.c,  (i-2  fl.  drs/). 
I  Fruoa  LlQUtDL  M  (B.  P,)^  45-lH>  mins. 
n  (U.  H.  P.)  and  the  liqutd  extract  (B.  P.)  are  practically  i  den - 

:.  ...  .  .  ;     1  J    -ition, 

Tliermpeutic  Uses. — Male  fern  is  used  exclusively  in  the  treatment  of 
tapeworm  ami  of  Ancbylostoniurn  duodenale.  Previevus  to  its  admin- 
utrmituii  ihe  bowel  ougbt  tu  Ix;  emptietl>  ix&  far  as  possible,  liy  a  lijy^ht 
diet  foroiM?  or^lwo  duyt*»  and,  where  necessary,  by  a  purgative*  Tlie 
•  .'  *      or  liquid  extract,  is  then  to  be  administered  in  the  form  of 

!►  ;Kdoii»ed  in  a  cajisule  or  suspended   in  mucilage,  an<I  auuther 

pui]g9ilive  is  required  8ome  6—12  hours  later.     In  case  the  parasite  fails 
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to  be  dislodged,  several  days  ouglit  to  he  allowed  to  elapse  before  a 
BtX'Oiid  dose  is  given.  Potilsson  recommends  tliat  oily  .substances  be 
avoided  during  the  "cure,"  as  they  dissolve  the  tilicie  acid,  and  thus 
promote  its  absorption^  It  is  imjKissible  to  t'stimate  I  tie  iriijwrtunce 
of  tliis  faet  since  Boehin  ha.s  discovered  the  otiier  active  constituents, 
bnt  it  h  certainly  suggestive  tliat  in  many  cases  of  poisoning  with  male 
fern  castor  oil  had  been  gi%^en  along  with  it  or  scnm  after. 
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GUBSO, 

Cussn,  r>r  Koiisso,  contains  a  neutral  Iwdy,  Komtoxhi,  which  is  solu- 
ble in  alcohol  and  in  alkaline  flnids,  but  is  insoluble  in  %vater.  A'cmn, 
which  was  formerly  supposed  to  be  the  active  constituent,  seems  to  be 
formed  by  the  decomposition  of  koR>toxin,  and  is  entirely  inactive. 

Kosotoxin  {C'^Jl./),^,)  i?^  t»nil)ably  nearly  related  to  the  active  con- 
stitneuts  of  male  fern,  which  it  resembles  somewhat  iu  its  pliarma- 
co!<igiciil  action. 

Cusso  lias  a  bitter,  somewhat  astringent  taste,  and  sometimes  causes 
nausea  and  vomitiug  and  some  looseness  of  tbe  bowels.  In  mre  cases 
prostration  and  colla|»se,  with  irregularity  of  the  pulse,  are  said  to 
have  occurred  from  its  use. 

In  the  frog,  kosc>toxiu  puriilyzes  the  nerve  ends  like  curam,  and  has 
a  spi*('ilie  action  on  the  striped  uiusciihxr  tissue,  whk-h  it  weakens  and 
eventually  paruly/cs.  The  heart  mnscle  undergoes  fiiniilar  changes.  In 
mamraals  the  nruseuliir  uftion  is  well  develoiied,  Init  Is  aceompanied  by  some 
8tiiiiulatk>n  of  the  niedidlary  centres,  imlirated  tiy  rapid,  dysputeic  breath* 
iiig,  salivatinii  and  voniiling*  The  stools  are  ol>eo  fluvd^  and  the  unue  is 
increased  in  araouiit.  Wlien  it  is  iiijet'ted  dirertlyinto  thi*  eirculation^  some 
eonvnlsive  nKiveuietit2^  are  oAeti  obseived,  and  the  lirart  is  weakened  and 
paralyzed.  Kosotoxin  seems  to  he  a  general  i*rotoplasni  ]>oison,  us  i;^  indi- 
cated by  its  aetion  on  muyelej  and  hy  its  retarding  the  growth  of  yeust. 

Preparations.  ^ 

Cnsao  (F,  8.  P.,  B.  P,)  (Koua^o  or  Bray  em),  the  female  inflorescence  of 
lliigcnia  Ahyssinica  (Brayera  anlhelniintiea). 

ExtrachoH  CiiiiHo  Fiuktum  (U.  S.  K),  15  c.c.  {|  ft.  ok.)* 

Cusso  is  geiK-ratly  given  hy  snspending  1-5  (I.  (}  oz.)  of  the  powdered 
flowers  in  water^  or  the  fluid  extract  may  he  prescribed^  although  it  is  ^d 
to  he  less  certain  in  its  ellcets.  Kosotoxin  him  not  yet  been  prescribed  for 
therapeutic  purposes.  The  usual  preliminary  treatment  ought  to  be  insti- 
tuted, but  no  purge  is  required  al'lcr  Cusso  as  a  general  rule. 

Therapeutic  Uses.  —  Civ^so  is  used  exclusively  as  au  ajitbeLmintic  in 
cases  of  tapeworm* 
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The  bark  of  the  pomegranate  contains  a  very  large  amount  of  tannic 
iciii  (20-25  per  cent),  along  with  nameroiis  alkaloitls,  of  which 
PiiUtUrifhf^  or  Panicim%  and  Impelietkrirw  alone  are  active  in  ordinary 
doK^.  All  the  pomegranate  alkaloids  are  closely  related  efiemtwdly 
to  each  other  and  to  tropine  (j^ee  atropine).  None  of  them  <mn  be 
cdjt^^l  among  tlie  more  active  poisons  as  far  as  man  and  the  higher 
inimals  are  concerned. 
In  man,  l^rge  doses  cau^e  heaviness,  confusion,  giddiness  and  very 
rkeil  weakness  of  the  limbs.  Tlie  ronseioiisness  is  but  little  affected, 
the  sight  IS  often  dim  and  uneertalnj  and  in  one  case  complete 
indness  j»ersisted  for  several  days.  OccasiiHially  nausea  and  discom- 
in  the  abdomen  are  complained  of,  and  more  rarely  vomiting, 
rs  and  cramps  of  the  leg  muscles  are  jmKluced  ;  t!ie  gastric  symp- 
are  perhaps  due  to  the  large  quantity  of  tannic  acid  in  the  drug 
T  than  to  the  alkaloids. 

in  the  frog  and  in  most  mammatS^  pelletforine  causes  n  distinct  increase  in 

rtflt?x  irritability  of  the  spiniil  eord  and  medulla  oliluritrata,  along  with 

ile|in^-«{fif>ti  of  the  higher  divi^ifjiis  of  the  eeiitral  nervous  syi*tem.     The 

:lwof  the  frog  are  ajreete<l  in  much  the  ?*ame  way  as  hy  veratrine,  nnd 

lanj^e  dose«  weaken  or  paralyse  the  eoiMluetivity  of  the  nerve  plates 

cttmm.     The  heart  mu.sele  is  also  aeted  on  aud  its  pulsations  an-  slowed 

tbcfrgg,  although  they  may  he  t«iiiporarily  augmented  in  force, 

Pelletierine  and  isopelletierine  have  a  specific  action  on  tapeworms, 
ScJiroeder  found  that  a  solution  of  one  part  in  10,0(10  was  sufli- 
nt  to  kill  them  in  ten  tninutes,  while  a  stronger  solution  had  prac- 
no  effect  upKin  other  intestinal  worms. 

Preparations. 

(Jraaatum  (U.  8.  P.).  Qranati  Cortex  (B.  P.),  Pomegrauate  bark,  the  bark 
f  the  fitein  and  root  of  Puniea  tJranatnm, 
DmHittm  Grannti  Cbrtieis{B.  P.),  1-2  t1.  oz. 

^franntutn  is  used  as  a  decoction  formed   of  ilO-60  fJ,  (1-2  oz.)  in  250  c,c. 

f  water  (j  pt.),  to  be  taken  in  tw^o  parts,  at  an  interval  of  one  hour.     The 

t^QUji^ht  to  be  as  fresh  as  possil)ie,  as  the  al keloids  decompose  on  keep- 

i^The  prcfsence  of  lar^e  quantities  of  tannic  acid  renders  the  deeoetioii 

iint  to  the  taste,  and    flavoring  suhsts*uc<\s  are  therefore  ^ener- 

ed  with  it,  or,  to  avf^fl  the  tannic  acid  efTeets,  pelletierine  may 

h{   in  doses  of  0.1-^*  5  Ct.  (2-S   ii^rs.).     The   peih^tierine  of  com- 

i»'rtt*  i.«  often  a  mixture   of  all  the  alkaloifls  and  has  therefore  to  he  pven 

»  Ur)^r  doses.     It  is  well  to  prescrihe  it  alou^  with  four  times  its  weight  of 

unicftcid,  in  order  Ui  prevent  its  absorption  in  the  stomach,      Pelletierine 

awite  i-  given  in  doses  of  0.75^1.5  G.  (10^20  grs.). 

Tkirapetitic  Uses. — Granatnm  is  used  exclusively  as  an  anthelmintic. 
TV  preliminary  treatment  is  the  same  as  that  given  under  aspidium^ 
*D<I  «  purge  ought  to  be  given  J-2  hours  after  the  decoction. 
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Kamala  {V\  S.  V  )  is  a  redcMsh-brown  powder  which  consists  of  the  mm 
glantls  liiicl  baii>5  obtaiiieil  from  thr  surface  of  the  fruits  of  Manotus*   PhiH 
ptnisis.     It  foil  tains  two  or  more  suhisljincf  s  which  have  been  tcriued  Kama 
liottlerin  or  MailotoxtJi,  aud  wiiich  are  |nxd)uhly  neutral  lx)dies  likf  koiHitox 
hut  it  in  uut  known  which  of  these  is  tlie  active  constituent.     Kamahiis  i 
in  C4iJ^ei5  of  tapeworm  in  dosses  of  2-S  G,  (30  grs.-}  oz.)  8uspeuded  in  Wfttf 
It  actri  i%»  an  intcsttnal  irritant,  causing  purging  and  more  rarely  nausea  i 
vomiting.     No  purge  is  necessary,  therefore^  after  the  powder.     An 
holic  tincture  of  kamala  has  l)een  found  quite  as  efficient  as  the  powder. 

Pepo  (pumpkin  seed)  contains  a  fixed  oil  and  resin,  and  the  latter 
to  have  eonsidend>le  power  as  an  anthehnintie,  although  this  is   dispu 
hy  Rome  anthorities.    No  symptoms  are  produced  by  very  large  quantitie~ 
the  powdered  seeds. 

Fepo  {V,  B.  P.)^  the  seed  of  Cueurbita  pepo,  Pnmpkin  sieed,  is  gener 
administered  in  doses  of  60-120  G.  (2-4  oz.)^  the  powdered  seed  being  i 
peuded  in  an  emulsion  or  in  sugar  or  honey.     Pumpkin  seed  has  no 
tive  eti'ect  and  its  administration  Ls,  therefore,  to  l>e  followed  by  a 
The  resin  has  been  used  with  good  effects  in  some  cases, 

Santoiuii, 

Santonin  (Cj^Hj^O^)  is  an  anhydride  or  ketone  of  santoninic  acjl 
which  is  formed  frotu  it  by  the  action  of  alkalie^i,  and  i^  a  derivative  of 
Tiaphtalcnc,  It  occurs  in  Artemisia  maritima  along  with  a  nearly  related 
Ixjdy  (artcmisin)  and  a  volatile  oil  (cineol).  Santonin  is  very  insoluble 
in  water,  but  is  dissolvtnl  by  alkalies,  wjtli  which  it  forms  san ton inat^. 

Action.  —  Owing  to  its  insohibiHty  in    water,  santonin   has  only  a 
dightly  bitter   taste  in   the  month.      It   is  partially  dissolved  in  the 
8toniach  and  absc>rbed,  but  enough  passes  into  the  bowel  to  effect  the  j 
removal  of  S4mie  fiirnis  of  intestinal  wonns.      Under  sjiecial  conditions 
it  is  |x>ssible  that  tlie  greater  part  of  the  santonin  may  Ix*  abs(>rl>ed  in 
the  stomach,  however^  and  geneml  poisoning  resnlts  without  the  i>ara- 
sites  being  affected.     A  certain  ainoimt  of  absorption  occui's  in  every 
ciise,  as  is  shown  by  the  disorders  of  color  vision  and  by  the  yellow 
ooloration  of  the  nrine.     At  first  ob}ects  appear  of  a  bluisli  color  to 
the  patient  J  but  this  aberration  is  of  companUively  short  duration  and 
may  in  fact  pass  unnoticed.     It  is  followed  by  a  much  longer  period  of 
"  yellow  sight  '^  or  xantliopsia,  during  which  objects  that  are  brightly 
illuminated  seem  to  have  a  yellow  tinge,  bine  st^ems  green,  and  violet 
is  indistinct,  althongh  in  dimmer  lights  the  violet  may  still  predomi- 
nate.   In  severe  poisoning  the  appreciation  of  the  darker  colors  beci»mes 
very  imperfect,  and  violet  and  even  blue  may  fail  to  be  distingtushed 
from  black.     In  general  the  violet  end  of  the  spectrum  is  shortened, 
while   the  yellow  impresses   the   retina  more  vividly  than   noruially. 
Sometimes  **  hallucinations  •  *  of  vision  arc  said  to  occur  under  santonin, 
althongh  these  seem  to  l>e  nnimportant ;  tlius  one  observer  saw  green 
globes  on  a  violet  background  whenever  he  closed  his  eyes.     These 
aberrations  of  sight  are  the  most  generally  observed  symptoms  prcniuced 
by  santonin,  but  in  some  cases  the  sense  of  taste  and  smell,  and   more 
rarely  the  hearing,  are  also  derangerb     These  symptoms  nil  puss  otF  iri 
the  course  of  a  few  hour>;,  a  secontl  stage  of  "  violet  sight*'  occasionally 
intervening  before  complete  recov^ery. 
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The  srmptoias  produced  by  the  absorption  of  large  cpiantities  of 

-•*  so  OQifiirrn  in  man  and  tlie  olhor  mammals  that  it  is  siiffi- 

iimerate  tho.*^  observed  in  exiwrmienti^  on  the  dog.     The 

liktiaet  effects  are   generally  twitehing  of  the  muscles  of  the 

frequently  beginiiiug  on  one  side.     These  are  followeil  by  roll- 

ihe  ejes^  grinding  of  the  teeth,  flexion  and  extension  of  the 

:tEid  rotation  of  the  head  from  side  to  side,  later  by  reguhir  cpi- 

,  convulsions  in  which  the  animal  is  firi^t  thrown  intoopistho- 

und  then  into  clonic  spatfms  of  the  limbs  and  trunk.     These 

t  interrupted  by  intervals  of  repose  during  which  a  curious  momen- 

'  contraetion  of  all  the  muscles  of  tiie  Ixjdy  is  often  noticed.      Dur- 

[tbe convulsive  seizures  the  respiration  is  irregular  and  insufficient, 

1  ill  &tal  cases  it  fails  to  return  after  the  convulsion  passes  off,  and 

taimal  dies  of  asphyxia.     In  man,  some  confusion,  nausea  and 

iiting  occasionally  occur  after  quantities  which  nw  too  small  to 

oouvulsions,  and  in  several  easels  ai>ha8ia  has  been  observed. 

ootivulsions  are  produced  by  santonin  as  in  mammals,  but 

preceded  by  a  prolonged  stage  of  depression,  which  is  entirely 

nt  in  the  higher  animals. 

These  symptoms  manifestly  point  to  cliangcs  in  the  central  nervous 

ystem.    The  xanthopsia  is  generally  referre<l  to  a  specific  action  on 

'  nftina»  though  some  huld  that  the  centra!  apparatus  of  vision  in 

obtain  IS  the  seat  of  the  action.^     The  condition  has  been  ascribed 

Ipreliminary  stimulation  and  subsequent  de|>ressi€m  of  the  sense 

i  for  the  perception  of  the  violet  and  eventually  of  the  blue  rays 

'  tlie  spectrum,  or  more  precisely  to  some  obstruction  to  the  rcgener- 

tioD  of  the  substance  in  tlie  retina  which  normally  appreciates  violet 

iv*  (Filehnc).     The  clonic  nature  of  the  convulsions  at  once  points 

in  afTectioQ   of  the  brain  rather  than  of  the  cord,  but  some  dis- 

fOmm  has  arisen  as  to  how  far  the  cortical  areas  are  involved  and 

WW  Gir  the  symptoms  may  be  explained  by  stimulation  of  tlie  basal 

jin^ia.    The  latest  invcj^tigators  have  come  t^  the  conclusion  that  the 

rticptiforra  convulsions  are  due  for  the  main  part  to  the  stimulation 

l^f  the  mrtex,  while  the  sudden  contractions  oljserved  in  the  intervals 

)me  are  ascribed  to  increased  activity  of  the  parts  lying  between 

iOfehnd  peduncles  and  the  medulla  oblongata.     The  gray  matter 

this  division  of  the  central  nervous  system  also  seems  involved  in 

iMie  donie  movements,  although  these  are  only  elicited  in   their  full 

jitrength  through  action  on  tlie  cerelmil  cortex  (Kramer). 

bough   tliese  parts  of  the  central  nervous  system  are  the  most 
,itible  to  the  aetiou  of  santonin,  large  quantities  also  affect  the 
I  Of»fd  after  division  of  the  me<lulla  oblongata  and  produce  tonic  con- 
^Tihions  resembling  those  seen  in  strychnine  pVisoning, 

n>e  medullary  centres  seem  to  be  comparatively  little  affected  by 
^^tonin,  the  respiration  being  interfered  with  during  the  spasms^  but 
'^^tlrning  to  its  ordinary  rate  and  strength  during  the  intervals.     The 

.    |Vri«w  formerly  lield  tliat  the  yellow  vinion  was  due  to  a  yellow  pigEnentation  of 
^'ilnDOon  humor  or  the  retiiui  in  undo\ibtetllv  errt>neou8, 
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circulation  is  altered  only  by  tlie  asphyxia^  aod  the  heart  continues 
beat  long  after  tin*  res]>i ration  has  eeaf^ecL 

Santonin  undergoes  some  oxidation  in  tlic  tissues  and  is  excreta  in* 
the  faeces  and  urine  in  several  forms,  two  of  which  have  been  exam- 
ined by  Jaffe  and  found  to  be  oxysantonins,  Tlie  urine  and  some- 
times  the  fteces  have  a  deep  yellow  color,  wliich  rhanges  to  nA  or 
purple  when  alkalies  are  added.  A  similar  reaction  is  obtained  from 
the  urine  after  the  administration  of  chrvsophanic  acid,  as  in  rhubarb 
or  senna,  and  a  number  of  reactions  are  given  to  distinguish  betweeo 
these  two  pigments,  which,  howev^er,  it  can  scareely  be  necessary  to  do 
frcijuently. 

Thus  the  reri  of  chrysophanic  acid  is  ptn'm:inent,  whik^  that  of  the  sail- 
t>«>nin  pigrrunt  fsuk'S  after  ii  time,  aud  reducing  a^^a-iits,  such  as  zinc,  remove 
thf^  former,  and  not  ttie  hitter,  while  hariiim  aud  culciuia  ]>recipitate  the 
chryi^ophitiiif  and  not  the  siinlonin  pijj^ment. 

Stanton iu  was  formerly  crtditcil  with  some  cholai^o^meaml  diuretic  action, 
hut  more  tK'euratc  iavestij^ations  have  shown  that  it  has  no  such  eflTeet^s. 

Accordiuf^  to  Ilarnaek  and  Hociilieim^  santonin  lowers  the  tcmjieraturein 
most  aaimtik  by  incrcasin;^  the  loss  of  beat  thronf;h  dilation  of  the  cuta- 
neous vessels ;  it  rescmhIcH  m  this  respect  several  other  eouvnlsive  poisons 
investigated  by  these  authors. 

Santonin  is  uuiv^ersallj  used  as  a  remedy  for  the  round  worm.  As- 
caris  lumbricoides,  and  most  cliuiciuns  believe  that  it  has  a  specific  poi- 
sonous action  on  tliese  animals,  aufi  thai  its  undoubted  etleetis  are  due 
to  its  killing  them.  In  experiments  on  the  entozoa  outside  the  l>ody, 
however,  v<ui  xSi-hroeder  foutid  that  santonin  solutions  were  by  no 
means  futul  to  them,  and  he  explains  tlieir  therapeutic  etFects  by  sup- 
posing that  santonin  renders  the  intestine  so  unpleasant  an  abode 
lor  the  parttsites  that  they  niigmte  from  it  vohmtarily  into  the  large 
bowel,  a  J  id  are  carried  out  by  the  purgative.  Another  explanation  is 
that  tlie  ascarideg  are  stimuhited  to  active  movements  or  convuLsious,  and 
are  then  bnrried  through  tlie  intestine  by  its  peristaltic  contractions, 
wdiile  the  latest  investigator  supposes  that  the  santonin  is  dissolved  by 
the  gastric  juice  and  is  then  precipitated  in  a  state  of  fine  division,  in 
which  he  believes  that  it  is  mueli  more  fatal  to  the  parasites  than 
when  in  solution.  Von  Schn»eder-s  explanation  is  the  one  most  widely 
received.  Tlie  worms  are  often  Ibund  in  active  movement  when  passed 
after  Hantonin,  although  this  moveraent  ceases  very  soon  afterwards 
from  the  exposure  to  a>hK 


The  alkaline  salts  of  santoninie  acid  act  in  preeisely  the  siime  way  as  snn- 
tonin  itst-lf,  lint  nvr  less  snitahle  as  authelminties  owing  to  their  greater 
solubility  mid  rapid  absorittion. 

A  number  of  siinloniii  derivatives  have  been  examined  by  Coppola,  who 
found  that  many  of  them  pr4»d«eed  effects  whieh  were  priHtieally  identical 
with  those  of  stintoniu,  while  in  others  tlR^  singe  td' convulsions  was  preceded 
by  one  of  depression.  Santoninoxiu,  a  eompoinid  of  santonin  ami  hydroxy- 
hurnut  and  eatcium  sftutoninate  have  been  proposed  as  substitutes  for  sau- 
tomn  in  therapeutics,  but  have  not  received  much  attention  as  yek 
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PllEPA  RATIONS. 
I  (V.  S,  F.),  Levant  wormseed,  the  unexpanded  flower-hetids  of 

U.S.  P.,  B.  P.),  C|jH,^0,,  a  neutral  priufiple  derived  from 
iioi^     5>tti*toniii  b  colorless  when  freshly  i^repiirinl^  Uiit  tmsumt's  a  yel- 
r  00^  when   exposed  tu  tlie    light.     This  thns  uoi  ^vvm  to   hij|iiiir  itii 
^riallv,  but  it  is  prcfemble  t<,i  avoid  it  by  keeping  eantujiin  in 
vials,     I>o^,  OJKWM  Vt,  (i^2  gre.)* 
l-^ci  SANTONIN!,  each  containing  0.U3G.  {\  gr.)  of  santonin,  U.  S,P.; 
ling  1  gr.,  B.  P. 

apentic  Uses.  —  San  ton  in  is  used  almost  cxclusiv^ely  to  remove 

Itmibricorde^  from  the  intestine.  It  i,s  inueli  lest^eftectivea^^iynst 

ivrnrm  or  other  intestinal  parasites.     The  lozenges  are  generally 

crilj«i,  one  for  children,  two  for  adults,  U.  S.  P.,  while  the  dose  of 

I  B.  P.  lozenge  is  one  for  an  adult      I>ewin  reeonirnemls  the  adnn'n- 

Icin  of  santonin  in  oily  solutions,  e^|M*eially  in  castor  oil,  as  less  is 

from  the  stoniaeli  than  when  it  is  ]>reseribe<l   in  other  ways. 

Dwel  ought  to  l>e  emptied  Ky  .suitable  diet  and  a  laxative  before 

^sintotim  13  administered,  and  a  sharp  purge  ought  to  be  given  2-4 

sards  in  order  to  bring  away  the  entozoa. 

I  has  been  advised  in  some  retinal  diseases,  but  the  results 

ive  gienerally  been  unsatisfactory. 

Poisaamg, —  \%\  (^ases  of  poisoning,  the  stomach  and  Ixiwel  ought  to 

?n*acijated  as  rapidly  as  jxissible  by  the  use  of  emetiesor  of  the  stom- 

luhe,  anil  of  purgatives.     Tlje  eoiivulsions  may  be  controllwl   l^y 

u?e  of  chWoform  or  ether.     The  xanthopsia  requires  no  treat- 

ot,  ancl  is  not  to  be  regarded  as  hemlding  any  dangerous  develojT- 

it  occurs  to  some  degree   in  the  great  majority  of  eases  in 

in  is  administered. 


Btbliogkaphv. 
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Spigelia, 

•^Mher  remedy  used  in  ca^es  of  round  worm  is  pink  root,  Spigelia  mari- 
^^tlmji  (p,  g    p/^^  x\iQ  active  principle  of  which  is  unknown,  although   an 
^kaloid,  npigeline^  Ls  said  to  occur  in  it.     Occasioaal  ca.^es  of  poisoning  have 
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been  observed,  especially  in  children,  the  symptoms  consisting  in  flushi^ 
and  dryness  of  the  skin,  often  with  some  oedematous  swelling  of  the  fiM 
delirium  and  sopor  followed  by  dimness  of  sight  or  temporary  blindnea 
In  frogs  spigelia  appears  to  depress  the  brain  and  spinal  cord,  and  the  h( 
beats  more  slowly  and  weakly,  while  in  rabbits  the  most  prominent 
toms  arise  from  the  breathing,  which  becomes  slow  and  labored  and 
ceases  in  a  convulsive  attack.     In  the  dog  and  cat  its  injection  is  follo^ 
by  vomiting,  great  weakness  and  incoordination  of  the  movements,  restl 
ness,  rapid  dyspnoeic  respiration  and  finally  by  stupor,  coma  and  death  froa:] 
failure  of  the  respiratory  centre. 

Spigelia  (U.  S.  P.),  the  rhizome  and  roots  of  Spigelia  maritima. 

F^tractum  Spigelim  Fluidum  (U.  S.  P.),  4-8  c.c.  (1-2  fl.  drs.). 

The  fluid  extract  is  used  to  remove  round  worms,  which  it  seems  to  eflM 
in  very  much  the  same  way  as  santonin.  It  ought  to  be  preceded  and  f<d* 
lowed  by  a  purge. 

One  of  the  volatile  oil  series  which  is  frequently  used  as  an  antbelmintie 
is  that  obtained  from  Chenopodiam  ambrosioides  or  American  worm-eeed. 

Chenopodium  (U.  8.  P.),  American  Wormseed,  the  fruit  of  Chenopodiam 
ambrosioides,  var.  anthelminticum. 

OUum  Chenopodii  (U.  S.  P.),  0.2-0.3  c.c.  (3-5  mins.).  The  oil  is  admin- 
istered  on  sugar  or  in  an  emulsion. 
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fORGANIC    SUBSTANCES    CHARACTERIZED 
CHIEFLY   BY   THEIR   ACTION   AFTER 
ABSORPTION. 


NARCOTICS  OF  THE  BIETHANE  SERIES. 

ALCOHOL-CHLOROFORM  GROUP. 

A  l^iUiE  number  of  the  derivatives  of  the  methane  series  are 
ihar>rtnirirf  rl  by  the  production  of  depression  of  the  central  nervous 
lyalBaiy  more  espeeially  of  the  eerebrum,  au<i  some  of  them  are  per- 
hafis  th<*  most  extensively  employed  of  all  tlru^s.  Witli  the  exception 
mlooholy  which  has  been  known  since  prehistone  time-*,  the  use  of 
membeiB  of  this  series  scarcely  extends  over  more  tlian  half  a 

I  From  the  large  mimbcr  of  substances  belonging  to  this  division  of 

lie  chemistry  which  are  i>08sesse*l  of  nai'cotic  puwers,  it  would  seem 

nt  tlic  combination  of  curlHin  and  Ijydrogen  in  tlie  form  elm  met  eristic 

'  thifi  series  is  possessed  of  a  special  relation  to  tlie  i>rotci[>l}i«m  of 

nen^e  cells,  or  in  other  words,  earbnn  radicles  enndilned  in  o|ien 

iu  form  are  ]xissessed  of  sjR*ciiic  depressant  powerh.      As  a  genera! 

'  tlie  greater  the  number  of  thene  radieles  contained  in  the  chain, 

more  powerful  the  action,  providwl   the  sul>stance  is  not  chan^txl 

►  as  to  become  incapable  of  al>sorption.     Tluis,  in  the  alcohol  series 

\'  ascending  scale  of  toxicity  is  mvX,  ctinimencing  with  methyl 

■v^  through  ethylj  propyl,  l>utyl  and  nniyl  ahn^mls,  of  which 

ch  si)0(?eeding  member  is  more  prnsonous  thiin  its  predecessor.     The 

'  njcmlier^  of  the  series,  however,  bect>nie  h.^ss  soluble  in  the  btidy 

[luids,  are  less  easily  absorbed  an*!  tlierefore  less  toxic. 

The  toxicity  of  these  bodies  may  also  be  reduced  or  removed  cotuplctely  by 

hi«  [ireseoce  of  acid-forming  groups.     Thus  ethyl  alrohol  (CH,— CHjOH) 

I  isftpoverful  depre*<siint,  but  propionie  aeitl  (CIT,— C'H^ — COOII)  is  eutirely 

'  Inwtivf  m  this  direction.     Again,  luie  hydroxy  1  ^onp  m  a  substauce  does 

'^tTODove  its  nareotic  actioOt  whih'  two  hyilruxyls  reihice  it  very  eoiisider- 

fcMyorm^iy  destroy  it  entirely  ;  thtm  ethyl  iikohol   (CH, — CHjOlI)  is  prob- 

*%  quite  as  active  as  i^thane  (C1I,— CH*),  liul  glycol  (CH,<>H— I'HjiH)  is 

«ift<«t  iimi'tive,     A  still   more  striking  example  of  the  ettects  ol"  sevend 

ntflmiyl  groups  is  seen  in   the  tN>nijnirison    i»f  ]>ropyi  iilcoiiol  (^'H^ — t'Hj 

^OHj  with   jjlyceriii   (CH,OH— CUdll -CH,UH'),   the   former  beiuK  a 

"^'lil  depressant,  while  the  latter  is  priu-tlcnlly  devoid  of  any  such  action 

,        I  central  nervous  system.     Compounds  of  the  fatty  series  may  also  lose 

!j*»f  ehftnicteri*tic  etfecta  l>y  their  combiiiatifm  with  more  active  railicles. 

^^  »'thanc  (CjH^)  if!  a  member  of  the  narcotic  BCrieSj  but  ethyl  nitrite 
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(C^H^p— NO)  cannot  l>e  classed  with  it,  because  the  — O^ — NO  group  has  a 

vory  lu^^^'trtnl  ainl  eDtirdy  different  eifeet ;  very  j^mall  i^uantities  of  ethyl, 
nitrite  are  ret[uired  ti»  prudinre  the  iiilrite  elleet,  so  thiit  the  deprcRsantuetic 
18  pushed  Into  tlie  buekgruutid.  i^leml>er8  of  the  metbiiue  serie^^  often  hie 
their  depresHunt  netion  when  eonibiiied  with  uitrugen  &o  as  to  form  sulisti 
tuted  ammonia.  Tims  trinietliyhimine  (N(CH^y  baa  no  depressant  action 
altboni^h  eaeh  of  tlie  metbyl  radielesahine  wonhi  possess  it.  Again,  the  sub 
stitulion  of  B  iiiemlKT  of  Ihe  aromatic  series  for  one  of  the  fatty  t^iibslance 
sometimes  changes  tJie  action  from  that  ebaraeteriHtic  of  the  alcohol-cblnro- 
form  group  to  that  of  the  benzol  series.  For  exaiinjle,  ether  (C^H^^O — Cjl!^) 
is  one  of  the  mojit  valuable  aniesthetit^s,  but  if  one  ethyl  radicle  be  substi- 
tuted l>y  phenyl  (C^H^— O — C^Hj^),  it  loses  this  inoperty  entirely.  Others, 
however,    retain    their  depressant    actioUj   as^    for  example,   acetophenone 

A  very  interesting  liypo thesis  has  rocctitly  been  suggested  by  Meyer* 
anil  Overton"  to  exphiiii  why  so  many  of  the  bodies  of  t'his  .series  act 
as  narcotics,  rriietically  all  of  tbcrn  are  more  soluble  in  leeitliin  and 
cholesteriii  than  m  wat^r  and  accordingly  when  they  reacli  the  bUnKl 
they  tend  to  accumulate  in  the  nerve  c^dls,  which  are  rich  in  cbolesteriu 
and  lecithin.  Here  they  may  l>c  supposed  to  paitially  dissolve  these 
constituents,  m\  at  any  rate,  to  change  their  relations  to  the  rest  of  the 
nerve  cells  and  this  derangement  of  their  normal  condition  leads  to 
impairment  <d*the  function  of  these  cells,  or  narcosis.  But  many  otlier 
substances  {e,  //,,  many  of  the  benzol  derivatives)  possess  these  physical 
properties  equally  with  the  members  of  the  methane  scries,  and  yet 
induce  no  narcosis  proper,  so  that  tliongh  the  physical  characters  of 
these  drugs  may  prolmbly  be  important  factors  in  their  action,  they 
cannot  be  held  to  determine  it  solely. 

It  is  impossible  to  eumnerate  here  all   the  substances  of  this  serie 
which  possess  m(jre  or  less  *le[U"essaut  action  on  the  nerve  centres, 
very  large  number  of  tiiem  have  been  the  subject  of  investigation,  bt 
only  a  few  of  them  have  become  established  remedies. 


Among  the  kjfdroearbons  the  fifth,  Pentane,  and  the  eighth,  Octane,  ha\ 
been  proposed  as  anasstheties  for  sliort  operatiuns,  but  have  never  receiv( 
an  extensive  trial.  Some  of  t!ie  luniuturafed  hifdrovarhofui  have  also  been 
BU^e^ted^  sueh  as  Alll3rl6li6,  which  was  introduced  by  8jkiw,  but  was  found 
to  vary  exeeedingly  iu  its  properties,  and  jiroved  to  be  a  mixture  of  several 
isomei's.  One  of  ihese  has  lately  been  isolated  ami  reeummendeti  fx>r  short 
operations  under  the  name  of  Pental  ( (CIl  J.^==  C  =  <;H  —  Ctrj.  Another 
unsaturated  hydroearbon  which  has  l)een  shuwn  to  possess  narcotic  proper- 
ties is  Acetylene,  but  its  action  on  the  heart  is  said  to  preclude  its  use  in 
p  met  i  ea  I  t  h  e  vnp  e  u  t  i  cs . 

Among  the  alcohols,  Etliyl  alcohol  (C^H^HO)  stands  preeminent  fixjin  its 
extensive  use  in  therapeutics  as  well  as  from  its  iioportance  in  dietetics  and 
as  a  poisoH.  Other  alcohols,  however,  have  beeu  found  to  reseinl»le  it  in 
action*  Tiius  Methyl  alcohol  is  weaker,  while  I^ropyl  and  Butyl  alcohols 
are  stronger,  but  tlie  symptoms  produced  i«y  e.u:h  are  pnxctieally  identical. 
The  only  other  alcohol  that  has  beeu  introduced  into  therapeutics  is  Amy- 
lene  hydrate,  orteniary  isoamyl  alenln,l  ((CH,),€(OH)CHXH,),  which  has 
been  recommeuded  as  a  hypnotic. 


'Arch.  f.  exp.  Path,  lu  Phiirm.,  xlii., 
"Studien  u*  d.  Narkose.     Jena,  1901. 
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Tb*  eikerm  contam  one  very  important  member  in  Etliyl  ether  ((C,Uj^),0)j 
wlli&  '  ifi^  the  best  anaesthetic  in  Uj^e. 

Tb*  «  jK»*Hes!3  nanotic  propeiiioH,  but  ordiniiHly  iire  irritnut  and 

oTdke^rve^ijae  odor,  so  that  they  have  nut  bei*ii  used  lit  themjieutics.'  Par- 
'  I  (U,H„0,),  a  polyuierofoniinary  uhk^hydt-,  1%  huwever,  onr  of  the 
bypfiotit^.  Several  derivatives  of  the  ahlebvdts  liave  been  in- 
euch  as  Methylal  (HCIIiUCH,),)  and  Acetal  (CH,CH(1>C,H,),). 
itii|>ortaDt  aldehyde  derivative  L-^  Sulphonal  ( (CH.,),C<,BO,C,H5),)> 
1  reoeived  couiiiderable  attention  of  late  years  as  a  hypnotic-  Two 
oompouuds,  Tdonal  and  Tetronal,  in  the  first  of  whicli  one,  in 
tbm  •eeotid  both  methyl  groups  are  replaeed  by  ethyl,  are  wiid  to  be  more 
piiwcsrfViI  than  eul phonal* 

The  im\y  raeml>er  of  the  ketoncti  whk'h  has  received  attention  at  the  hands 
oT  ihempeottaU,  is  Hypnone  (C.H^CUCHj,  which  has  been  used  as  a  byp- 


Thm  mirt  '         '  AalU^  have  been  but  little  used  as  depre^ant.^,  and 

vS%*  r  ill  action  than  the  corresponding  ether's, -     Some  of 

(  tttiiy  t  inu  it«^  owe  their  u^e  not  to  the  action  of  the  alkyl  mdicle,  but 

tte  aci*!  with  which  it  is  componnded,  and    are  therefore  inclychd  in 

group.     One  e8t«r  which  hwi*^  been  used  af^a  narcotic  in  therapeutics, 

I  la  a  tnurii  greater  extent  in  animal  experimenLs,  is  Ur ethane,  the  ethyl 

•  af  carbamic  arid  ((H>(N IHL)(OCjH^|).     An  analo^oiLs  compound  recently 

reconnemled  as  a  hypnotic  is  Hedonal  (CO(Nli,)(0t  ^II^J)^  the  carbaniic  ester 

'  .  niary  «my1  alcohol. 

'  «^dftJ>f  the  methane  series  posses  little  narcotic  action  as  a  general 
niir,  moArnkVe  not  been  used  in  therapenties  for  this  jmrpos*^,  though  bntyrie 
»cld  ii  MUd  to  have  distinctly  deprcssiint  e fleets  ou  the  central  nervous 
wp^mm^  When  hydrogen  atoms  of  these  acids  are  replaced  l»y  eldorine  or 
faroouiia,  Uiey  acquire  a  much  stronger  action  ;  thus  acetic  acici  is  pmetieally 
4tfQid  of  narcotic  action,  while  some  of  the  chloracetic  and  bromacetic  acid.s 
art!  aafrotie.  But  their  elTects  on  the  other  organs  of  the  body  preclude  their 
mm  in  tbvmffteutics  ^ 

Saaie  of  the  most  im^iortant  members  of  this  series  are  halagen  subMittUwn 
pndmcim^  formed  by  replacing  one  or  more  atoms  of  hydrogen  in  the  simpler 
AllMtaaees  of  the  fatty  series  by  chlorine.  This  substitution  oflen  increases 
the  narrolic  j>ower  to  a  very  great  extent  :  methane  (CH,)  La  practically 
Dot  dfrprrawant.  but  if  one,  two  or  three  of  the  hydrogen  at^tms  in  the  mole- 
eilJ«  hi  ft*il  I  by  chlorine,  forming  CHjCl,  CHA'lj  and  CHCl,,  the  nar- 

foiie  pcw»  iHcs  with   each   CI  added.     The  l>cst   known  of  these  is 

*  it*  k)T  which  is  the  most  powerful  aniesthetic  in  uae.     Other 

\  coTn[»onnds  have  also  been  emplove<l  as  anieslbeties,  as  Ethylene 
f  (CHjCl— CHjCl)  and  Ethylidine  Chloride  (I  H,— CHClj,  but  these 
hav«  ^illcfi  into  distlst^     Another  important  substitution  product  is  Chloral. 

tt' '      v  iCCljCH(UH)^),  which  is  the  hydrate  of  trichlomldehyde 

*  her    anuhigitus    coinpi>und     uwed    occasionally    is    Butyl 

dlUirai,  **v  Oroion  chloral  (C,,H/1^(?II{<>H)J,  and  a  Vi*ry  recent  addition  to 
tlift  irrvMip  is  Chloretone  or  Aneson  (trichlorpsenflobntylalcohot  or  acetone- 
■^   fiiform,  a'lj(*(CM,),OH), 

rral  ciimpounds  of  chloral  have  been  recently  intrmluced  into  thera- 
I..-IU.'  V  i^  Chloralamide  (rClCHOH— XHC'HO),  which  isacombina- 

tifiu  .  !  with  fonnumide,  ami  CMoralose  (C\Hu' %*-**)'  ^  compound  of 

cillonil  nt»«i  gnq>e  sugar. 

It  ha»  alrearly  Ummi  mentioned  that  the  j^ul>stitutton  of  chlorine  for  hydro- 
gpen  In  llie  adda  endows  tliem  with  a  narcotic  eUTect.     Another  example  of 


*  Pdf1liald#hydt»  In  tiaed  us  n  disinfoct/tnt. 

•  r^  Pflflier*!  Art^i.,  UviL,  p.  14h 
•JVhsp^,  Arck    f.  cxp*  Puth,  u.   Pharm. 

9 


(See  Fonnalin.) 
xsL,  pp.  97p  119. 
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the  altemtioD  of  the  properties  of  a  substance  by  the  substitutioti  of  chk 

for  hydrogen  is  offered  by  giyeena.  which  in  itself  inert,  tieeomei?  depi 
to  tiie  central  iiervoiii^  system  when  its  hydroxy  1  radicles  are  replaced 
chlorine.^ 

Some  attempt  has  been  made  to  introduee  bromine  instead  of  chlorine i 
Ibe  methane  deriviitive,'^»  because  liryniide.s  are  central  nervous  dep 
and  it  was  hopefl  that  a  combinution  of  the  melhane  and  the  bromide  efli 
could  be  thus  obtained-  But,  as  will  he  explained^  the  bromides  owe  th< 
action  to  the  broniiih>  ion,  \shich  is  not  present  in  these  or^nic  compoiindi* 
Ethyl  bromide  ^C^H^Br)  has  l)een  used  as  an  auiesthetie,  and  Bromofam 
(CUB  I J  as  a  narcotic^  but  only  to  a  limited  extent.  Tlie  analogous  ivjm- 
puunds  formed  with  iodine  possess  a  powerful  action  which  is  ditfrrent  fromri 
that  of  tlie  other  methane  derivatives,  and  wliich  precludes  their  use  as  Dl^ 
CO  tics.     (See  Iodoform.) 

The  auginenteil  ellect  of  these  halogen  substitution  derivatives  has  bear^ 
explained  by  reference  to  a  supposed  depressant  ellect  of  chlorine  and  bro* 
mine  upon  the  brain.  But  even  though  this  were  proved  to  he  the  ca.*5C,  it 
would  not  elucidate  the  matter,  for  chlorine  is  not  set  at  liberty  in  tllB 
tissues  when  chloroform  is  iuhaled|  the  molecule  acting  as  a  whole.  (See 
page  24.) 

The  chlorine  and  bromine  derivatives  of  methane  are  not  only  more  powe^ 
ful  drugs,  but  also  more  powerful  jmisous  than  the  ordinary  compounds: 
mu€*h  less  chhmiform  is  required  to  amesthetize  than  methane,  but  much 
less  is  required  to  kill.  In  a^ldition,  these  compounds,  especially  those  coti" 
tailing  chlorine,  seem  to  have  a  more  powerful  action  on  the  heart  anil  dh 
culation  and  on  the  metabolism  than  the  othei^s.  In  other  words,  the  chlo- 
rine bodies  have  a  wider  tield  uf  activity  and  are  more  nearly  geuewl 
protoplasm  poiijons.     (See  Chloroform .) 

All  of  the  narcotics  of  the  methane  series  resemble  each  other  ch^Aj 
in  their  general  action.  Tliis  consists  of  a  first  stage  of  inip?rfeci  «.tm* 
Bciousness  and  confnsed  idt^as,  foUowcil  by  one  of  w'iki  excitement,  and 
eventually  by  complete  unanisciousness,  w^hieh  may  terminate  in  death. 
The  second  stage  is  much  more  markeil  after  some  of  tlie  scries  than 
after  others,  and  is  often  entirely  absent.  It  has  given  rise  to  the 
theory  t!iat  these  drugs  stinudate  the  nerve  cells  befiire  paralyzing 
them,  but  an  alternative  expUmation  is  that  the  functions  of  coiiirol 
and  inhibition  are  lessened,  and  the  centres  of  motion  are  thus  left  free 
and  act  more  strongly  than  normally.  This  question  has  been  most 
disciisscil  in  regiird  to  alecjhol,  and  will  receive  greater  attention  under 
that  heading.     (See  pages  1*3.'>-K15.) 

The  depression  of  tlie  central  nervous  system  induced  by  these 
bodies  is  in  the  majority  of  eases  accompanied  by  an  alteration  of  the 
circulation  of  the  lirain  in  the  direction  of  congestion  or  amemia,  and 
it  was  tbrmerly  bclicve^I  that  these  drugs  iiidnced  depression  liy  can?* 
ing  anjcrnia  of  the  brain  and  thus  starving  the  nerve  cells.  But  this 
improbable  explanation  has  been  refuted  by  experiments  in  which  all 
the  blood  of  a  frog  was  replaced  by  salt  solution,  anil  the  brain  tM}lb 
thus  deprived  of  nutrition  Ijc^fore  an  amesthetic  w\is  applied  ;  ehlofO- 
forra  then  inducM^d  the  same  changes  as  in  normal  animals.  There  is 
no  question  at   (he  present  time  that  these  bodies  act  directly  on  the 

'  MnrshaU  and  Htyifh,  Jonm.  of  Physioh,  xxii.,  p.  38,  nnd  Kmnkn,  Arch,  luterntf- 
de  Pharmactwlyii.,  vii.,  p.  475,  j^ivc  a  r^sum^  of  the  reUlion  of  I  he  chlorhie  i 
III  tea  tu  the  Mm  pie  oiethane  tltriva  lives. 
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'  ratlier  on  the  central  part  of  the  neurons,     Binz  sug* 
that   the   change   was    of  the    imtiire  of  a  coagulation  of  the 
»{ilsi:$ni,  but  tliis  theory  is  not  supported  by  microscopic  iuvcstiga- 
J  and  more  recently  histologista  have  been  inclined  to  regard  the  ef- 
of  the  central  nervous  deprcs.sants  as  tLssociated  with  aUerations 
"the  dLstributioo   of  the  chromatin  in   the   nerve  cells,      A  *^imple 
liiatit»u  of  nervous  depression  has  been  suggested  in  the  retraction 
» dendrites.     These  finer  processes  of  tlie  nerve  cells  are  suppised 
ve  to  maintain  the  connection  between  the  individual  cells  during 
etottsness  by  forming  ramifications  between  them,  while  it  is  sng- 
that  in  natural  sleep  ami  in  unconsciousness  in  general,  the  den- 
are  withdrawn,  and  the  cells  are  thus  cut  off  from  intercom- 
ion*     Soaie  changes  which  have  been  observed  in  the  dendrites 
narcotics  might  be  explained  in  this  way,  but  the  explanation  is 
a  hypothesis  at  present.     There  is,  however,  every  probability 
the  nerve  cell  depressed  by  drugs  undergoes  changes  similar  to 
$of  oatural  sleep  and  the  changes  in  the  brain  circuhitiou  (amemia) 
r  be  regarded  as  the  result  and  not  as  the  cause  of  the  depression 
lA  conditions. 

IWLile  the  members  of  this  group  resemble  each  other  closely  in  their 
Km  the  central  nervous  system^  they  are  usc<l  for  very  different 
in  therapeutics  and  may  therefore  Ijc  discussed  in  three  sub- 
tips:  1,  alcohol;  2,  gf.^neral  aniesthetics,  and  3 »  narcotics  or  hyjv 
It  must  be  recognizfxl^  however,  tliat  there  is  no  hard  and  fast 
Jividing  the^e  subgroups  ;   for  the  ansesthetics,  chloroform  and 
( may  be  used  in  small  quantities  to  pr«jduce  rest  and  sleep,  and 
Ithen,  strictly  s|jealviog,  l:>e  narcoties;  while,  on  the  other  hand, 
oral  and  sujphonal,  which  are  generally  used  as  hyfuioties,  give  rise 
Icomplete  anaesthesia  when  administered  in  large  quantities. 


I.    j^je.nhnl. 

hji  alcohol  (CHjjCHjOFI)  has  been  known   in  an   impure  form 
?the  earliest  times,  and  as  fiir  back  as  the  history  of  medicine  ex- 
As  has  been  used  as  a  drug.     Its  medicinal  reputation  has  under- 
many  fluctuations,  by  many  held   to  l>e  a  panacea,  by  others  it 
been  considered  of  little  or  no  value  as  a   remedy,   but  of  the 
importance  as  a  poison. 
AWiolic   liquors   are   generally  prepared  by   the  fermentation  of 
nr-^,  wliioh  either  exist  preformed  iu  the  fruits,  or  are  derived  from 
preliminary  ferment  action.     The  simple  liquors  (wines  and 
rr,j  ;rvnerally  contain  only  a  low  jwrcentage  t»f  alcohol  (2-20  per 
Bl,)*and  the  stronger  preparations  (spirits)  are  pn^pared   from  them 
f  *ii?^tillation,  whirh  raise**  the  percentaf^je  tt>  i"JO— GO  per  cent,  and  at 
^ime  time   removes   the   non-volatile   cfmstituents.     Spirits    and 
'h'w»iv  are  not,  however,  simple  mixtures  of  alcohol  and   water  but 
*»JUain  manv  other  volatile  substanws,  the  character  of  which  is  little 
^^m,  and  which  are  called  ceoauthic  ethers.     Some  of  them  have 
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been  shown  to  be  higher  menihers  of  the  alcoholic  series,  while  otL«i| 
would  seem  to  Ije  of  entirely  rl  tile  rent  cuustitutioii.      The  name  h  de-'  *' 
rived  from  their  giving  the  odor  and  taste,  or  bouiiuet,  to  wines. 

Pure  alcohol   h  obtained  from  ihe^e  spirits  by  repeated  distill; 
and  by  special  measures  designed  to  remove  the  water.      It  is 
used  in  medicine,  some  form  of  spirits,  wine,  or  beer  lieing  prescj 
instead. 

Action. — The  value  of  alcohol  in  rat'dieine  depends  npon  three 
points  :    1,  its  irritant  local  action  ;  2,  its  action  un  Ujc  central  ner 
system,  and  3»  its  value  as  a  food. 

The  irritant  action  is  not  so  marked  ns  that  of  many  other  ^uhstai 
Ijut  is  of  much  greater  importance,  uwing  to  the  bahilnai  mh/  of 
drug.  It  is  probably  due  at  any  rate  in  part  to  the  withdrawal- 
water  from  the  cells  and  is  shown  by  the  results  of  its  applicjitioii 
the  skin,  to  wounds  and  to  the  mucous  membranes.  Applied  to 
skin  in  sufficient  c<»n**entration  {f-g.j  60-90  per  crnt.),  it  pn (duces 
nessj  itching  and  a  feeling  of  heat  like  olher  volatile  and  irritant 
stances,  such  as  the  volatile  oils.  Alcohol  is,  however,  much 
irritant  and  at  the  same  time  more  volatile  than  these,  so  that  ui 
its  evaporation  be  prevented,  it  moy  produce  a  sensation  of  cold 
have  little  or  no  irritant  action  ;  this  is  esijeeially  the  case  when  dill 
alcohol  is  nseit,  no  very  distinct  appearances  of  irritation  of  the 
being  produced  by  solutions  under  40-50  per  cent.  In  ulcei^ 
other  unprotected  surfaces,  the  irritant  action  is  much  greater  and 
cell  division  is  accelerated,  so  that,  judiciously  apjjiicd,  it  may  quicken 
the  Ileal ing  of  such  breaches  of  continuity.  (.  once nt rated  solutions, 
however,  cause  a  precipitation  of  tlie  albumins,  and  act  first  as  astrin- 
gents and  later  as  corrosives^  until  they  are  diluted  by  the  fluids  of  the 
wound. 

Its  effects  on  ipncous  membranes  are  similar  to  those  on  wounds. 
In  the  mouth  strong  alcohol  produces  a  burning,  unpleasant  sensation 
which  passes  to  the  throat  and  stomach  when  it  is  swallowed,  and  if  tie 
concentrated  vapor  be  inhaled,  it  causes  irritation  and  reflex  closure  of 
the  glottis.  The  effects  of  alcohol  on  the  digestive  functions  are  po 
imjKjrtant  that  they  will  receive  further  attention  (page  140), 

Tlie  action  of  alcohol  on  the  Nervous  Centres,  di tiers  a  good  deal  in 
individuals.  In  small  quantitirs  it  generally  produces  a  feeling  of 
Wf  ll-lxnng  and  good-fellowship,  along  with  increased  confidence  in  tbe 
jxjwers,  mental  and  pliysical,  of  the  E^ubjcct  of  the  exjieriment.  Larger 
quantities  arc  followed  by  a  certain  amount  of  excitenient,  marktti  bv 
laughter,  ItKpiaeity  and  gesticulation.  The  face  becomes  flushed  «n<l 
hot,  the  eyes  lirighter  and  livelier,  the  pulse  is  accelerated.  Even  at 
this  stage  self-control  is  partially  lost  and  the  will  |)ower  is  weakcDCtl* 
The  spt^ech  may  be  l)rilliant,  but  it  often  betrays  the  speaker;  tin? 
movements  arc  more  lively,  liut  they  are  often  undignified.  The  loss 
of  self-control  is  often  indicated  further  by  furious  outbursts  of  aa^T 
and  un  reason  alvlcness,  or  by  the  indulgence  in  maudlin  sentimentality 
and  sensual   fancies.     The   sense  of  responsibility  and   the   power  of 
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imi nation  betwec^ii  the  trivial  and  the  innKJrtaut  are  lost,  and 
iodividiml  has  no  rt^ja^rd  for  the  it^Uni^s  of  other?^  or  the  ordi- 
pgf  coDvention.s  of  life.  If  the  bout  f>e  further  continued,  the 
ftMinent^  become  uncertnin,  the  speech  l»econie?s  difficult  and  starn- 
BCTing^  the  walk  becomes  a  stagger,  and  a  torpid  slumber  follows. 
OAen  nausea  and  vomiting  set  in,  although  these  are  entirely  absent 
il  somi^  <a»Aes,  On  awaking  from  shiniber,  very  great  depression  is 
|Bfcrally  Biiffere<I  from,  together  with  nausea  aud  vomiting,  and  want 
PP^peilte,  which  may  last  for  several  days  and  is  associated  with  all 
Ae  symptoms  of  acute  gastrie  e^itarrh, 

"^  iV^iy  large  quantities  of  alcohol  lead  to  a  deep,  torpid  sleep,  whieh 

Rtually  passes  into  total  uneonsciousness,  resembling  tlie  condition 

oroform   amesthe.**ia  ;   the    res|>iration    becomes    stertorous    and 

i,  and  the  face,  which  hm  hitherto  been  Hushed,  beeonies  pale  or 

ac     This  condition  may  hLst  for  several  hours  and  end  in  death 

H  of  the  respiratiim,  but  in  other  cases  the  anaesthesia  be- 

Icep,  and  after  a  very  prolonged  sleep  the  patient  recovers, 

en  the  stage  of  antesthesia  is  reachcrl,  it  lasts  very  much  longer 

U»al  produced  by  ehlorolVmn  and  ether.     It  is  said  that  persons 

^ly  or  never  rec?over  if  unc(mseiousness  lasts  longer  than    10-12 

!  after  the  drinking  bout. 

effects  of  alcohol  vary  greatly,  however^  in  different  individ- 
aod  in  the  same  inilividual  at  diflTercnt  times.     One  jierson  is 
sentimental^  another  bellicose,  wliile  in  a  third  there  may  be 
ippcarance  of  excitement,  the  Hrst  distinct  symptom  being  pro- 
1  slumber.     When  drinking  is  indulged  in  in  company,  the  exei te- 
nt stage  is  a  very  common   pheuoioenony  but  if  alcohol  is  taken 
ut  the  exhilarating  accompaniments  of  bright  lights  and  exciting 
Rpaninnship,  it  is  much  less  frequently  seen,  and  the  question  has 
fn-fore  arisen  how  far  the  environment  produces  the  excitement  in 
'•holic  intoxication. 

I  It  may  l>e  statetl  at  once  that  there  exist  two  distinct  views  as  to  the 
on  of  alcohol  on  the  central  nervous  system  :  the  one  stoutly  upheld 
Binx  and  his  pupils,  that  alcohol  first  stimulates  and  then  depresses 
•  the  nerve  cells  ;  the  other  chain pioned  by  Schmiedeberg,  Bunge  and 
thi^ir  Cillowers,  that  it  depress*'s  the  central  nervous  system  from  the 

i[inuing.  The  symptoms  of  excitement  require  no  explanation  on 
tfst  theory,  which  is  rather  to  be  looked  on  as  the  natural  cxpres- 
u  of  the  facts  observed.  On  the  other  hand,  Schmiedeberg  ex- 
iit^  them  as  not  due  to  true  stimulaticio  of  the  in(»tor  areas,  but 
the  rt'snlt  of  tlu*se  areas  l>eing  freed  from  control  by  the  wenkening 
thi*  highest  functions  of  the  brain  —  the  will  and  self-restraint, 
tven  the  smallest  *jnantities  of  alcohol  tend  to  lessen  the  activity  of 
tlie  brain,  the  drug  appearing  to  act  most  strongly,  and  therefore  in  the 
stnallest  quantities,  on  the  most  recently  aeqairnl  facidties,  to  anni- 
^»iUt€  those  qualities  that  have  been  built  n]>  through  education  and 
^^perience,  the  power  of  self-c<:mtrol  and  tlic  sense  of  responsibility. 
The  (jnestion  is  a  most  difficult  one  Ut  dccifle,  for  on  the  one  hand  it 
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In  tlie  \amtt  parts  of  the  centisl  ofirws  ^^f^lem  the  evidences  oftil 
pnmary  depreaskici  are  less  open  to  qtiestioo.     For  example^  tbe  csgijt 
dtnatioQ  of  tbe  foovement^  suffers  at  aa  earlj  stage  in  aleoli<  ^ 
tng^,  loog  belbre  the  geoeraily  reoigQiied  forms  of  lack  of  coor<  i 
wdi  ai  indiitiiiet  speech  aod  staggering,  appear.     Id  tbe  spltiat  cui 
alcohol  auMes  a  depreBBiof]  of  the  reflex  irritability',  whicb  pasi^ 
omplele  paralrfiia  some  time  before  tbe  fespiratiuu  eeai?*'s. 

Tne  ipedtiila  oblongata  is  tbe  last  part  of  the  central  iiervons  systi 
to  be  acted  on  by  alcohol^  or  at  any  rate  to  uuder^go  complete  ph 
raljrria.  Tbe  Saaptetorj  and  Caailatciry  Centres  prc^^rve  tbeir  fuiMi* 
tioDa  long  after  the  occurrence  of  complete  unconsciousness  and  tbi 
dtaappearance  of  tbe  ordinary  reBexes.  The  same  question  has  been 
raiaea  io  regard  to  tbe  respinit4>nk^  centre,  as  has  been  alreaJy  di§- 
f  cd  in  the  oonsidemtion  of  the  bniin^  and  the  same  two  opp^ing 
views  have  been  upheld.  These  are  of  greater  importance  as  rt^ri 
the  rapimtoiy  centre,  because  the  advocates  of  tbe  stimulation  thecvff 
•dviflc  die  use  of  alcohol  in  conditions  of  the  rej?piration  in  which 
It  ia  directly  contraindicatcd  if  the  other  view  be  the  correct  one. 
The  qtiestion  here  is  apparently  much  more  simple,  because  the  ac- 
tivity of  the  respiratory  centre  can  be  estimated  directly  by  measuring 
tbe  numU-r  of  the  respirations  and  the  amount  of  air  inhaled  during 
each ;  but  a  htr^  numlier  of  such  experiments  have  l>eeu  performed 
with  very  var)^ing  results.  If  the  numl>er  of  the  respirations  be 
counted  in  a  person  in  the  excitement  sta^c  of  alcoholic  intoxicatioD, 
it  is  often  found  to  be  much  greater  than  normally,  but  this  may  he 
due  to  the  muscular  movements  and  need  not  indicate  any  direct  action 
of  thedrti^  on  the  mt^Jnlhiry  centre.  And,  of  eourge,  tliit^  excitement 
Btage  i^  not  elicited  io  thempeiiticH,  and  the  value  of  alccthol  as  a  res- 
piratory stimulant  must  therefore  be  estimated  in  cases  in  which  do 
atlth  excitement  in  caused,  A  nimilxT  of  such  estimations  have  l)een 
made  in  man  and  auinialsj  and  on  the  whole  the  e%idence  bhowi*  that 
in  man  even  when  no  excitemeot  i^  jirtxlueed  and  in  some  instHtices 
even  when  steep  follows,  the  amount  of  air  inhaled  is  largtr  than  Ijeibre 
the  drii|r  was  administered  (Jakseh,  Zuntz  and  Berdez,  Gt-ppert, 
Weisscnfeld,  Wendi'lstadt).  Thi?  may  not  indicate  a  direct  glimula- 
tii»Ti  fif  \\h*  rc'Kpiratory  centre,  however,  fi^r  tlie  increase  is  often  not 
greater  than  tliat  fr»lh>winjLf  an  ordinary  meal  and  may  therefore*  be 
at tri I lu ted  tn  the  respiratory  centre  being  indirectly  affected  by  the 
activity  of  the  Htomach  and  intestine.  And  it  is  to  be  noted  diat 
alcohol  may  have  more  indirect  effect  on  the  respiration  than  ordi- 
nary food  iMMiiuHe  it  is  so  much  more  irritant  to  the  stomacli  wall 
These  experiments  failing  to  determine  whetlier  the  respiratory  utiiire 
is  directly  stimulated  in  man,  another  method  has  been  employed  by 
Locwy  in  which  the  cxcitid)ility  of  the  centre  was  estimated'  by  its 
response  to  tlte  stimulus  of  an  increase  of  the  carbonic  acid  ia  the 
blood,  XJnfortimatfly  his  experiments  were  too  few  to  f>eniiit  of 
gcufral  inilTcuccM,  l>iit  they  lend  no  support  to  the  theory  that  the 
irritability  uf  the  oentre  is  increased.     There  is  therefore  no'  sufljcieni 
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lo  be  fkcUitated  by  small,  an*!  retarded  by  large  qiiao titles. 
hr^xamplef  a  person  under  even  a  small  doise  of  alotjhol  makes  more 
■p'  i-iual  iu  adding  a  row  of  figures  and  in  reading  a  series  of 

Kj  I    syllables  and    apparently   recognizes   letters   and    wordis 

^^Mrbai  mare  slowly.  It  is  interesting  to  find  that  th(?  subject  of  tlie 
H^tmrat  is  quite  unaware  of  the  inferiority  of  liis  work  and  is  often 
ipsuadetj  that  it  is  unusually  good.  Kraepelin's  latest  investigations 
^Hto  !*how  that  this  effect  of  alcohol  lasts  mucli  longer  than  is  gen- 
■By  recognized,  the  mental  ei|uilibriiiin  being  reinstated  only  12-24 
Sonfs  after  even  very  mo<lerate  indulgence  in  alcohol.  He  leans  to 
'  tt  alcohol  weakens  and  paralyzes  some  partes  of  the  brain, 
_^  I  ily  !?itiniulatingothei^,  but  brings  forward  no  new  evidence 

\  this  stimulation  is  not  fictitious  and  really  due  to  the  removal  of 
arriers  of  self-restmint  by  the  paralysis  of  higher  areas.     Jacoljj 
that  small  differences  in  weiglit  could  be  estimated  more  correctly 
^alcohol  than  in  the  normal  condition  of  the  l>rain,  and  tliis  would 
i  M  first  sight  to  indit"ite  |n'imary  stimulation,  but  he  believes  ttiat 
llnie  explanation  is  a  retardation  of  the  cerebral  pn^cesses.     The 
ation  of  pain  is  also  found  to  Ix?  lessened  by  even  small  tjuanttties 
dUoL     No  unequivocal  evidence  of  the  initial  stimulant  action  on 
has  yet  been  adduced,  lor  each  new  feature  Tuay  be  inter- 
las  really  due  to  the  depression  of  contndling  or  inhiljitory  func- 
Of  course,  there  is   no  absolutely  convincing  proof  that  no 
DtilatioQ  of  the  motor  areas  occurs,  and  no  physiological  proof  of 
the  existeoec  even  of  controlling  areas  can   be  adduced,  much  less  of 
ifcir  paralysis  by  alcohol.     On  the  other  hand,  no  other  known  drug 
■Bhimlates  the  motor  areas  only,  without  increasing  the  activity  of  the 
l«wfr  parts  of  the  system  at  some  stage  of  its  acticui,  an*l  the  advocates  of 
tile  stimulant  action  have  to  csonsider  chhjroform  and  ether  also  brain 
l^^mnlants,  for  they  cause  a  stage  of  excitement  very  similar  to  that  pro- 
by  alcohol,  and,  io  fact,  have  been  used  as  habitual  jutoxicauts* 

V  has  recently  made  an  attempt  to  demonstrate  experimentally 
«  ^  of  Schraietieberg's  view,  that  the  exeilemeiit  of  poisoning 
li^lty  series  is  reuHy  due  to  depression  of  the  controlling^  functions, 
ougb  the  drugs  he  used  wito  ehloroforrn,  urethune,  cldoralamide 
burial,  his  experiments  may  be  mentioned  bere.  He  finds  that  frogs 
P^xHt*^d  and  then  depressed  by  these  poisons,  hut  tlnit  if  the  purt«  of 
r  to  the  optic  lobes  be  tlestroyed  no  excitement  is  evineed, 
i-  also  rlevelop  exciteinent  m^der  alcohol  and  other  fatty 
r;Njtua,  buL  if  the  eerebrum  l>e  removed  before  the  drn^  is  administered 
o^iliatement  is  observed.  But  these  re^nUn;  inrHcikte  merely  that  the  ex- 
dteatent  is  cerebral  in  origin,  without  determining  whether  it  is  raused  by 
tWpetnoval  of  inhibition  or  by  trne  stimnlatioii. 

Acute  alcoholic  intoxication  leads  to  very  distinct  alterations  in  the  bisto- 
logicid  appearance  of  the  cells  of  the  central  nervous  syMein,  whieh  have 
l»e<!a  describe*  1  by  Dehio,  Stewurt  and  othei^.  The  chief  ebunire  TUjteii  by 
^a  cotifists  in  replaeenient  of  the  chromatin  network  Viy  tine  grutuiles, 
*^ich  In  Luru  seem  to  become  dij^sohed  in  the  geiienil  eytoptusm.  Staining 
^j^'uis,  Uiereforc,  give  rise  to  a  dilfused  eolorutiou  of  the  eell  rather  than 
*^  localized  mase^s  of  color,  sncb  us  ure  seen  in  the  normal  eelb  The  den- 
^ntei  are  shortened  and  exhibit  rounded  nodosites  ulong  their  course. 


H 


TftdDg  of  tli«  ati^TctilefiU  of  UiC  T«nlricl«  (lower)  »«il  aurick  u»pper »  of  the  d..g  when  u  lar£i>  1  "f 
(30  Cb  or^os.)  of  oil  p»r  ceaW  sJcohul  l»  suddenly  ibrovn  lnt<i  a  teta.  The  kror^  move  n^vt  iri^ 
dmtvs tf note,  downwards  dnrios  diploic.  .I»  nomiftl.  fi,  iri>e«tioiv  The  systole  of  the  nurulc  » 
T«iy  Buch  w«9ikcn«d.  Ui«  diftctole  h  le^*  jiffV-cKd.  The  reuiricitUr  §mole  is  cvtitipfeniiiveU  UilJ* 
elMafOd,  ftltbcHifh  ii  also  i#  a  tttJle  wvafeer .  rii<?  efHpct  t)a«M»  off  very  npidl^,  oo  that  at  ihc  «iid  of 
Ibe  tracing  both  chmmlieri  tiavt  aim<^t  rc^corei^l,  A  ▼erf  aimUar  «0lwt  U  aeen  under  ohIoroAmL 
(Fig  9,)    (The  traciof  to  Ui  be  followed  firomriflitlotefl.)  
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)M  has  no  effect  on  the  pulse  rate,  unless  ^ivcn  in  very  large  ^jiiiin- 
!?,  whenit  pnxluc^s  etf'erts  yitnilar  to  tlios*'  deserU)(d  tnnler  eh lo ra- 
il an*]  dlrr —  weakening  itf  the  aurieular  systole,  luui  later  of  the 
afj  with  distention  of  Uotb  cavities  and  slowing,  Tlie  effects 
m  the  lieart  are,  however,  very  mneli  less  marked  than 
bhiomfnrm,  for  Dieballa  ftmnd  that  48  times  as  much  alcoliol 
form  was  required  to  modify  tlie  movements  of  the  fr«»g*s 
n  that  in  order  to  bring  it  to  a  standstill  1!)2  times  a.s  much 
»s  Inquired/  Alcohol  having  been  shown  not  to  increase  tije 
*  heart,  its  advocates  have  begun  to  state  tliat  the  force  of 
fcioo  is  augraenteil,  w^ithont  howrver  bringing  forwartl  any 
of  thi8  worthy  of  attention.  In  aniniid  experijnents,  it  haa 
V-hovvfl  rhat  the  first  effect  of  aleoliol  on  the  lieart  is  lessened 
nry  anil  weakne-ss  of  the  contractions.  (F'ig^*  -  and  o.) 
t*  rtibiua^  of  the  skin  wiiich  oecui's  in  alcoholic  intoxication  would 
tt»  point  to  some  vtv^cular  action,  l)ut  it  is  im[)ossihle  to  say  at 
It  rtliat  the  nature  of  this  action  is.  It  indicates  dilation  of  the 
lesjeb,  but  whether  this  is  of  central  or  peripheral  origin,  ^vhether 
i  stimulation  of  dilator  c*eutres  or  paresis  of  va,so-eonstrictor«,  is 
wo.  The  widening  of  the  bhxHl  puth  through  this  dilation  is 
pht,  and  produces  little  or  no  fall  in  the  general  blood -press  ore. 

»ipiantities  of  alcohol  cause  a  marked   fall  in  tlie  arterial 
High  weakening  the  vaso-eoustrietor  centres  and  the  heart 
the  quantities  of  alcohol  required  to  cause  any  great  fall 
pressure  are   fur  in  excess  of  those  used  in  therapeutics.      It 
nggested   that  the  widening  of  ttie  arteries  nuiy  in  it^^elf 
bettrt  by  lessening  the  resistance  against  whieli  it  lias  to  con- 
i  yet  to  be  proved  that  any  marked  dilation  of  the  vessels  * 
the  direct  action  on  the  heart  niusele.     Some  eviilence  of 
jming,  it  is  true,  f^ir  Ham  meter  tbund  the  velocity  of  the 
It  increased  by  alcohol,  l>ut  he  does  not  state  the  quantity 
Bxperiraents. 

_  of  the  heart  which  often  follows  the  administration  of 
bver^  would  seem  due  rather  to  its  diminislitng  the  cerebral 
ihain  to  its  direct  action  on  t!ie  heart.  On  the  other  hand, 
improvement  of  the  circulation  in  shock  may  be  tine  to  a 
[ibe  irritant  local  action,  and  certainly  would  not  seem  to 
I  direct  cardiac  action  for  its  explanation, 

I  no  effect  on  Muscle  or  on  peripheral  Nerves  when  it  is  exir- 
by  the  blood,  but  when  it  is  applied  direftly  to  mUBcle,  it 
\  \%M  rontractions.  When  a  frog' s  nerve  is  exposed  to  ahxdiolio  vu[)or 
"  ^  tiR*t  inereiised  nnd  later  diminished  if  tlie  qiuintity  applied 

lliis  fuct  has  heen  used  by  Seheffer  to  explain  the  results 
nipluc  experiments  in  which  the  amount  of  w  ork  done  under  alcohol 
t  augmented.     He  regards  this  augineotutiou  as  due  not  to  central 


koepiion  to  the  general  rule  is  fonntl  in  the  embryo  henrtof  tJie  chtek,  which 
iXo  PickerinBi:,  is  much  aceeleralti!  hv  tlu"  direct  uppliraticm  t>f  aleohol,  bot 
^4ue  lo  the  local  irritAtit  aetiuti  nitlier  tbau  to  the  general  effects. 
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Utdab^rpttoD^are  beneficial  in  many  cases.    These  twu  op()t*sing 
^^  stralixe  each  otheiv  as  in  the  dog  in  vvhie-h  die  niie  ofdiges- 

^>  altered,  the  returdiiig  eiteeU  ot"  alcohol  ou  the  proteolysis 

fwmpenHatecl  for  by  the  more  abuiKlant  secretion  oi*  the  juice, 
i<«atinues  after  the  alcohol  is  abtijorbed,  aiul  therefore  after  its 
trnVaw  effects  on  the  fermentation  liave  disa|i|>eared.  (Chittuiiden, 
W  and  Jaek.son*)  In  man  the  result  varies,  tlie  *ine  fat*tor  |) re- 
Sting  in  bonie  cases,  the  other  in  other:?.  Thus,  while  lvretM.*hy 
iBucbner  found  that  the  digestion  of  proteids  in  the  human  stomach 
rdifitinctly  retarded  by  alcohol  and  beer,  Kiehenl>erg,  Wolifhardt 
hers  state  that  small  t|iiantitie8  of  alcohol  or  wine  accelerate  the 
tioD,  and  Gluzinsky  came  to  the  eoncliisiun  that  as  long  a.s  alciihol 
15  ID  the  stomach  the  digestion  is  retarded,  l)ut  that  after  its  ab- 
ptii»n  the  digestion  progresses  more  nipidly  than  if  no  alcohol  had 
I  given*  Ziintz  and  Magnus-Levy  liave  shown  that  the  addition  of 
*U)  Uie  dietary  does  not  aliect  the  absorptinu  and  ntilizatinn  of  the 
by  the  tisane.  It  is  not  unlikely  that  the  taste  has  some  iuHu- 
►  im  the  result,  that  in  those  who  enjoy  the  taste  of  alcohol,  it  in- 
a  more  rapid  secretion  and  an  improved  digestion,  wddle  in  those 
I  whom  it  is  disagreeable,  the  seci-etion  is  less  altered. 
I  The  divergence  of  opinion  exists  only  in  regards  to  the  effects  of 
ill  qaanlitie-s,  for  all  are  agrecil  as  to  the  deleterious  action  of  any 
Jerule  d«3sca  of  alcohol  on  the  digestion.  After  large  quantities 
itation  of  the  stomach  wall  is  so  great  that  nausea  and  vomiting 
,  There  is  every  i*eason  to  sup|xw>  that  tliis  is  due  to  the 
■itation,  and  not  to  the  action  of  the  absorbed  alcohol  on  the 
centres.  A  large  dose  of  concentrated  alcohol  sometimes 
I  evidence  of  its  irritant  action  in  redness  and  injection  of  the 
membrane  and,  it  is  sjiid,  in  cccliymoseSj  but  in  most  ca-ses 
fital  poisoning  no  such  appearances  are  to  be  ol>served  after 
ath, 

UAleolial  a  Food?  —  This  has  long  Ijeen  discussed,  and  that  with 
niore  pnatsion  and  prejudice  than  are  generally  elicited  by  pharmacolog- 
Jct!  questioDS.  It  was  formerly  supposed  that  the  alcohol  absorbed 
Dcn  the  stomach  was  excreted  unchanged  by  the  lungs,  skin  and 
lidi)e\"5,  and  therefore  ga\'e  up  no  en*'rgy  to  the  body  in  its  passage 
Wigh  it.  But  it  has  been  shown  that  only  tlie  small  amount  of 
om  5^10  per  cent  J  of  the  ingcsti'd  alcohol  is  really  excreted  in  this 
ay,  and  that  mainly  by  the  kidneys  and  lungs»  the  skin  taking  prae- 
»Uy  no  part  in  the  exci^tion.  The  rest  of  the  alcohol  absorbed 
I  the  stomach  and  bowel,  amounting  to  over  M  per  cent.,  undergoes 
Dmbimtion.  The  fact  that  none  of  the  products  of  the  combustion 
ftve  been  is4>lated  from  the  body  does  not  invalidate  this  statement, 
'  die  ctirrespcjnding  products  of  sugar  are  not  knowri,  but  there  is  no 

'Rwenl  Itivestigations  sii)[?ffe8t  that  even  tliis  h  too  higli  a  valunticin  for  the  nlcohol 
'-'  '    -  1  tJiat  only  2-3  \ttfT  ci^Tit.  of  that  inge«te<1  tt'capes  oxitJiition,     In  particular 
' ''  i-it-ion  to  question  whether  nnythinjyf  more  thim  tnires  esca|>e  hy  ihu  hiiigs. 

^  ...lil   i|tmiitity  uppL-arH  in  uoaibi nation  with  glyc'uronic  acid  in  the  urine  of 

'miinaili^  notably  the  rabbit. 
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doubt  tliat  sugar  is  oxidize*!  in  the  body.'  According  to  Grehant's 
recent  work,  tlie  oxidation  of  alcohol  progresses  slowly,  appreciable 
arnouuts  being  found  in  the  blood  tweuty-lbiir  hours  after  its  ingestion  ; 
tfjisaccortls  with  Kraepelin's  statement  tiiat  its  effect  on  the  brain  can  be 
detecteil  for  12-24  hours.  In  undergoiug  combustion  alcohol  gives  up 
energy  to  the  body,  aiul  tlieretbre  is  techuiciilly  a  food.  This  statement 
has  met  with  a  great  deal  of  opposition,  and  the  mere  fuet  that  alcohol 
gives  up  energy  to  the  body  does  not  constitute  it  an  advisable  tbod  in 
all  coriclitions.  For  example,  the  question  might  be  raised  whether 
alcohol  does  not  require  an  amount  of  energy  ibr  its  absorption  equal 
to  that  liberated  by  its  combustion,  or  whether  its  action  on  the  nervous 
centres  does  not  produce  a  greater  waste  of  force  than  the  food  itself 
supplies.  Botli  of  these  have  been  answered  by  experiments  in  which 
the  carbonic  acid  excretion  of  the  body  has  been  measured  before  and 
after  alcohol.  Zuntz  and  Berdez  and  Gejipert  have  shown  by  this 
method  that  after  alcohol  is  taken,  a  slight  rise  of  5-10  per  cent,  occurs 
in  the  output  of  carbonic  acid  ;  tliat  is,  a  small  amount  of  extra  com- 
bustion goes  on,  a  certain  amount  of  energy  is  required  for  the  absorp- 
tion, but  this  is  not  greater  than  that  rec[uired  ibr  the  absorption  of 
any  other  frtrni  of  food.  And  the  total  amount  of  earl>onic  acid  ex- 
creted in  24  hours  is  not  appreciably  altered  Ivy  aleoliol,  so  that  alcohol 
taken  in  addition  to  the  ordinary  food  is  either  itself  transformed  into 
tissue,  or  nmlergoes  oxidation  instead  of  some  substance  which  in  turn 
is  used  to  build  up  the  body.  Strassmanu  has  shown  that  animals  tliat 
receive  alcohol  tend  to  lay  on  more  lat  than  otliers  receiving  the  same 
fofxl  without  aleohol,  and  this  is  in  accord  with  the  eonunon  observa- 
tion of  the  obesity  of  alcohol  drinkers.  Alcohol,  therefore^  acts  as  a 
substitute  fiir  fats  and  carl lohyd rates  in  the  food  to  some  extent. 

It  lias  long  buen  recogniztHl  that  when  insufficient  fat  and  carbohy- 
drate is  suppliKl  to  the  Ijody,  the  proteids  are  drawn  npon  to  n»ake 
goo<l  the  deficiency  and  the  nitrogen  eliminated  rises  accordingly.  On 
the  other  hand,  w^ieo  the  fats  and  carbohydrates  of  the  food  are  in- 
creased, the  organism  economizes  its  proteid  and  the  nitrogen  tends  to 
fall.  This  is  the  most  accurate  method  of  testing  the  food  value  of 
non-nitrogenous  substances,  and  alcohol  has  been  the  subject  of  a  num- 
ber of  such  investigations.  The  divergent  results  have  given  rise  in 
the  last  few  years  to  a  series  of  experiments  which  promise  to  Ijccome 
classiwil  fuT  the  extraordinary  patience  aud  conscientiousness  exhibited 
by  those  engaged  in  tlieiu  as  well  as  for  the  complete  agreement  iu  the 
results  olitained  by  investigators  who  apj>roached  the  subject  with 
opinions  which  were  diametrical ly  opposed.  These  experiments,  which 
may  be  cited  as  models  of  investigatious  in  metabolism,  were  performed 

'  It  hiia  been  suirg^ted  that  the  oxitlation  of  alcohol  in  the  body  may  not  give  rifie 
10  t!ie  ivfime  produeU  as  iti*  oxklLitkin  in  the  chemicnt  labomlory.  If  aldehyde  were 
fornied  it  wniild  l>e  excreted  in  part  by  tlie  hnitrH  and  kidiU'va,  f^ir  alduhydu  injtrcled 
into  the  hlood  at  once  nppears  in  the  hn>atli  and  urine-  Acetic  acid  lia.^  never  tieen 
identilie*!  wit!i  et?rtainty  a  fttT  alcohol,  hot  Connie  arid  iH  excreted  after  methyl  iilcohcd, 
and  jl  therefore  see niH  prolmhlelhEit  ethyl  alcohol  initxidixt'd  tnncetic  acid  irninedialely, 
and  that  this  at  once  inidergm^a  further  ilecoinpowitiotu 
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rXeomanni  Atwater  and   Benedict,  and  Roseraann  and  his  pupils. 

result^  may  Wst    be  illystrated    by  an  account  uf  Neumann's 

i>Xfx*ritDerU. 
This  Wetl  35  days  divided  into  eix  periods.     The  proteids  of  the 
UihI  ih«*  carfHihydrates  remained  eonstunt  tliroiighout  wliile  alcohol 
\  suUtituted  for  part  of  the  fat  for  some  time  (see  Fig.  4J.     Dur- 

Fig.  4. 
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lelof  ticobol  on  nilrogf'o  ellm}iintif*n.  The^  wjiTe-linf'  repTf^ents  thi*  nUrogf^n  excreted.  It 
»iipldllf  la  the  N««oQd  periml  wheti  the  fat  af  the  fooiJ  mm»  rediiet'd  to  one  Italf,  buL  soon  fftUa  in 
t  tiifd  prM  where  alcohol  «ru  •iibsUtuted.    lUO  g,  of  alcohol  Li  chomicAlly  ei|uiva1eat  to  78  g. 


ibe  first  five  days,  the  nitrogen  exereted  was  praetieally  ef]ual  to 

tof  the  food  (nitrogenous  equilibrium),  while  daring  the  next  four 

lysooe  half  of  the  fat  of  the  food  wasoiintted  and  the  immeiliatc  re>?ult 

stuinerease  in  the  nitrogen  excrett'djndicating  that  the  [iroteid.s  of 

4c  body  were  being  drawn  upon  to  make  g«M»<l  tiio  delieit  in  tht^  fat  of 

ik^frtocl.     The  next  ten  dayn  a  quantity  of  ah^ohnl  rliemically  equivalent 

Mlie  fkt  deficit  was  taken  and  the  nitrogen  elimination  slowly  fell   to 

e iHif mal  (equ i lib ri uni ).     I n  t lie  fi rst  li  vu  tlay s  of  1 1 1 i s  ])eri o< I ,  however, 

e nitrogen  remained  high,  sliowing  that  aleohid  did  not  at  iirst  replace 

the  &tM    c<:>mpletely.      In    tlie    fourth  period   of  six   days,  the  same 

inount  of  fat  was  given  as  at  tirst,  while  tiie  alcohol  was  continued, 

mJlbe  nitrogen  fell  much  below  the  ann>unt  ingested  ;  i.  e,,  the  alcohol 

:3in  Wl   to  a  saving  of  t!ic   pruteidirs.     Xext,  Ixith  aleoho!  and  fat 

»''re  omitteil   for  four  days  and  tiie  p  rote  id  tissues  were  again  drawn 

|lpon.     Finally  the  original    diet   wiis   resumed   and  tlie  nitrogenous 

*iuilibrium  was  at  once  resstored.     From   this  experiment  Neiiniaim 

InffMfihe  conelumon   that  alcohol  can  replace  a  eliemicully  equivalent 

llnifnint  of  fat   in   the   dietary,   for   otherwise  llic  nitrogen  would  not 

I liavf' returned  to  the  normal  toward  the  end  of  the  third  |>eriod  ;  and 

falwihul  given  along  with  a  sutfieient  dietary  leads  to  a  further  eeouumy  of 

I  ">»;  proteids  just  as  additional  fat  would  ;  otherwise  the  nitrogen  would 

j'lot  have  fallen  below  the  point  of  ecpiilibrium  in  the  fourth  period. 

K'^rtain  objections  which  were  made  to  this  experiment  by  Rosemann 
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have  been  refuteil  l)y  his  own  work  ajid  by  Neumatiii'g,  go  that  I 
investigators  are  now  iu  accord. 

The  final   result  of  all  tht^se  investigatioDs  is  that  alcohol  ca 
the  ulaceof  some  r*f  tlie  fat  in  the  footl,  and  leads  to  tlie  satne  eci^isomr    ^ 
of  proteid  as  the  ordinary  iion-iiitrejgenotis  constituents  of  tlie  <1 
The  fi|•^t  three  or  fnur  days  during  which  alcohol  is  suhstituted  1  *  ,«• 
it  has  little  or  no  tendency  to  econoniize  the  proteids,  but  tliis  is  tnul,;^ 
of  other  forms  of  food  also,  any  sndden  change  in  the  non-nltnL 
foml  h-ading  to  a  temporary  increa,^e  in  the  nitrogen  excreted, 
persists  until  the  tissues  have  become  aecu,stnmc<l  to  the  new  ihetarr.     t 

Metabolism.  —  It  was  fi^rnierly  supposed  that  alcohol  economized  tk  j 
body  tissues  in  some  ill-defined  way,  by  means  of  a  direct  action  09 
the  pmtoplasm  of  the  cells  ;  as  it  was  expressed,  alcohol  lessened  ihe 
combustion  of  the  tissui^,  Tliere  is  no  reason  to  suppose  that  alwbol  , 
in  ordinary  quantities  has  any  action  on  the  tissues  save  as  a  food^  for^ 
as  has  been  nientionedj  the  oxidation  of  the  tissues  as  measui^d  hy  the 
oxygen  abf^orbeil  and  the  carbonic  acid  ex  lulled  is  only  affecte<l  as  it  is 
by  any  other  food.  When  very  large  fpiantities  of  alcohol  are  taken, 
and  depression  and  slec^p  follow,  the  combustion  of  the  body  is  reduced, 
not  through  any  action  on  the  protoplasm  generally,  but  through  the 
muscular  movements  lieing  lessened.  In  the  same  way,  during  the  ex- 
citement stfigc,  the  carlxmic  acid  exhaled  i.^  doul»tless  much  increa^ttJ, 
because  more  energy  and  more  of  the  body  tissues  is  ui?ed  u|»  in  tlie 
violent  movements.  Of  course,  the  oxidation  of  alcohol  by  the  imm^ 
saves  fat  from  combust  ion,  and  it  is  possible  that  some  bodies  which 
would  normally  be  oxidized  in  the  organism  may  pass  thnmgh  it  iin- 
changed  iu  t!ie  same  way.  Thus  it  is  stated  tliat  less  iien/,o]  is  oxi- 
dized in  animals  under  the  influence  of  alcfdml  than  in  un|R»ibond 
ones,  and  this  is  to  be  explained  by  the  energy,  which  wnuld  ordi- 
narily be  employed  in  oxidizing  the  benzol,  being  diverted  to  the 
oombostion  of  tlie  alcohoL  The  tunc  acid  excretion  does  not  seem 
to  be  changed  in  amount  by  alcohol  even  Avhen  given  in  lurge  quan- 
tities. Pa  ton  and  Eason  found  that  tlie  pro|>ortion  borne  by  the 
urea  to  the  total  nitrogen  of  the  urine  is  lower  when  alcohol  is  ad- 
ministered and  infer  from  this  that  the  function  of  the  liver  is 
disturbed. 

The  Temperature  of  the  body  falls  somew^hat  after  the  administration 
of  alcohol,  but  this  is  not  due  to  any  diminution  in  the  oxidation  and 
in  the  heat  formed,  but  to  the  greater  output  of  heat  from  the  dilation 
of  the  skin  vessels.  The  fall  in  temperature  is  comparatively  slight, 
seldom  being  more  than  |— 1^  C,  but  it  would  seem  that  exposure  to 
oold  causes  a  greater  fall  in  the  tenij>erature  after  alcohol  than  in  nor- 
mal conditions ;  this  is  perhaps  due  to  the  temperature-regulating 
mechanism  being  rendered  less  sensitive  by  alcohol. 

The  fall  iu  tern jierat ore  jtrcKliuvd  by  alc:^hol  is  generally  accompa- 
nied l>y  a  feeling  of  heat,  and  a  thermometer  applied  to  the  skin  mar 
actually  sfiow  a  rise  of  several  degrees,  because  more  warm  blood  flQiffg> 
through  the  dilated  vessels.     If  much  excitement  and  movement  foUo^^ 
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km  of  alcohol^  no  fall  in  the  temperature  may  result,  the  in- 
huent  formed  during  the  movement  eom[H'nsatnigfor  the  increased 
mud  in  s«5me  C4ii?es  a  rise  of  teriij>emture  occurs  from  the  same 
Very  large  quautities  of  alcohol  may  lead  to  a  full  in  temper- 

3-^^  C,  owing  to  tlie  lessened  movements  during  uncon- 


of 


Th*:  alcohol  which  escapes  combustion  in  the  tissues  is  excreted  by 
tW  kidueys  and  perhaps  by  the  lungs.  Traces  are  sometimes  found 
In  tfi»'  sweat  and  milk,  but  there  is  no  fouudatitm  for  the  legend  that 
:ty  be  intoxicated,  or  acquire  a  taste  for  strong  drink  from 
i  ahsorljcil  in  the  milk  of  a  ilruukini  mot  tier  or  wet -nurses 
Tbe  amount  and  quality  of  the  milk  are  unaffected  by  the  adminis- 
**-•'*!  i»f  alcohol  (Uosenianu). 

M>ugh  alcohol  seems  to  Increase  the  urine  to  some  extent,  it  can- 
:r  ;       •<'jLid  to  be  a  powerful  diuretic  in  itself,  and  it  is  quite  unknown 
I'  r  it  acts  on  the  kidney  directly  or  not,     S<inie  of  the  spirituous 
'   such   as  gin,  produce  a  profuse  secretion  of  urine,  but  this  is 
u  their  other  constituents,  and  not  to  the  alciiliol. 
Alcohol  is  generally  credited  with  aphrodisiac  powers,  that  is,  wnth 
ing  sexual   desire,   although   no   less  an  authority  thuu  Shake* 
states  that  it  prevents  the  consummation  of  sexual  intere4iurse. 
qmiuestionable  tendency  toward  sexual  excess  observed  in  intoxi- 
h  due,  not  to  any  effects  ou  the  genemtive  organs,  but  to  the 
5elf-contri>l  from  the  ecrebral  action  of  the  pois<»n, 
oi>bol  has  comparatively  little  bactericitlal  action  at  the  tempera- 
«f  the  Uxly  ;  ot)— 70  per  cent.  alcoht>l  is  said  to  l)e  more  dtn^t rue- 
to  germs  than  either  stronger  or  weaker  solutions.     Xot  only  is 
little  practiral   value  in  itself  as  an  antiseptic,  but  many  Ixjdics 
Icli  are  antiseptic  w4ien  dissolved  in  water,  have  comparatively  little 
Wt  when  dissolvctl  in  alcohol.     (Compare  p.  48.) 
Itbw  long  been  recognized  clinically  that  persons  addicted  to  the  use 
almhol  show  less  resistance  in  acute  disease  and  in  operations  accom- 
by  shock  than  more  temperate  individuals,  and  in  very  intem- 
cases,  the  prognosis  must  be  gnanlcil  in  an  attack  which  would 
rily  be  accompanied  with  little  danger.     This  has  !>rcu  confirmed 
number  of  experiments  on  animals  wliich  were  subjwted  to  treat- 
Dt  with   alcohol     an*l     then     inoculated    wnth    pathogemc   germs 
The  results  have  invariably  shown  a  greater  susceptibility 
I  ami  a  greater  mortality  than  in  cuntrol  animals  w'hich  had 
vwl  no  alcohi>l.     A  similar  effect  w^as  (observed  w^hen  toxines  were 
pjtttal  instead  of  bacteria,   and   great  difficulty  w*as  encountered  in 
PeiKlering  animals  immune  to  the  diphtheria  toxin  if  thev  h:id  pre- 
Tiujitly  l>c>en    treatetl    w^ith    alcoliol.      Tiiis    has    been    attributed    to 
]«itWi)gictd  conditions   induced   in  various  organs  and   in  evitlence  of 
*lw»  it  is  stated  that  the  alkalinity  of  the  blood  is  reduced  in   these 

"^►eated  doses  of  alcohol  produce  tolerance,  which,  although  not 
1*0 pent a>!t  that  acquired  for  morphine  mu\  nicotine,  involves  the  pre- 
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scription  of  clnobk  or  triple  doses,  in  persons  addicted  to  drin 
The  clo.se  reliitionship  bi'tweori  tlic  narcotics  of  the  fatty  scries 
itii  heated  by  the  fact  tliat  much  more  eli  lorn  form  or  ether  thao  usudj'*' 
is  required  to  ansesthetize  [x^rsous  id  whom  a  tolerance  for  alcohol  httA 
been  established,  BJ 

Tlie  other  alcohols  are  mainly  of  interei^t  as  impuritieR  of  the  preparatinari^^ 
offthyl  alcohol.  Tliey  all  resemble  it  in  their  geueral  eflects.  but  di] 
from  it  in  toxicity  ;  thus  the  i>oisonoiis  dose  heeomt-s  smaller  with  eac^h  C&i 
adikd^  projiyl  alcobol  is  mmc  jRHverfyl  than  ethyl,  butyl  than  propyl,  ana 
arnyl  than  any  of  them.  Ethyl  alcohol,  on  the  other  hand,  is  more  jxiiaott^ 
Otis  than  methyl,  bnt  the  latter  has  a  much  more  f>rolonged  av'tion,  uppAr' 
rently  owing  to  its  slower  oxidation  in  the  body.  Amyl  alcohol,  or  ftisd 
oil  J  is  present  in  small  i|nantity  in  most  forms  of  spint.s,  especially  wbaa 
these  are  frt^shiy  distilled  or  *'raw/'  It  resembles  ethyl  re  alcohol  hi  gen^ 
eral,  but  is  more  irritant  locally,  and  is  believed  by  some  authorities  to  haw 
more  deleterious  e fleet**  in  chronic  poisoning  than  pure  et hylic  alcohol 
This  is  not  based  on  any  very  satisfactory  evidence,  however^  and  almofll 
all  the  charaeterisiic  synijitoms  of  chronic  alcoholigm  have  been  produced 
iu  animals  by  pure  ethyl  alcohoL 

Preparations. 

Alcohol  (U.  S.  P.)  contains  91  f^  of  alcohol  (CjHjHO)  by  weight. 

Alcohol  Ahaotiiitim  (U»  B,  F.,  B.  P.),  absolute  alcohol,  coutaius  not  mo^ 
than  1  %  J  Ijy  weight,  of  water. 

Alvofiol  Deodortthtm  (II.  S.  I\)  contains  92.^^c^  by  weight,  of  alcohol. 

Alcohol  jyUulum  (U.  S.  P.)  contains  about  41  J/r ,  by  weight,  of  alcohob 

Splrlttts  Revlijicutus  (B.  P.),  rectified  spirit,  contains  i)0  parts  of  pure  alco- 
hol, by  volume,  and  10  parti*  of  water  (sriMftfr^  by  weight,  of  alcohol):. 
There  are  four  ollicial  dilutions  in  the  B,  P.,  containing  70,  60,  45  aud  2iO 
per  cent,  of  alcohol  by  volume  respectively. 

Bpiritos  Fkumenti  (l^  S.  P.),  whisj^ey,  contains  44-50 Vr  of  alcohol  by 
weight,  and  is  obtained  by  distillation  of  an  extract  of  fermented  grain. 

BrittiTirs  ViNi  Galuci  (U.  S.  P.,  B.  P.),  brandy^  contains  '^9-47  ft  of  alco- 
hol by  weight,  and  is  obtained  by  the  dii?tillalion  of  fennentcd  grape  juice. 

Afint  ti ra  iSp ir it ua  Vi ni  G alt ici  ( B.  P. ) ,  a  m i  x t u re  o f  b ra 1 1 dy ,  c i ii n amo u  water, 
sugar  and  yolk  of  egg  (about  17  per  cent,  alcohol).     Dose,  1-2  Ii,  oz. 

Non-pharmacopceial  spirits,  which  are  used  occasionally  in  medicinef  are 
gin  and  rum. 

These  Spirits  all  contain,  roughly  speaking,  about  one  half  as  much  alco- 
hol as  the  three  coneentrated  alcohols  of  the  U.  S,  P.  or  the  rectified  spiritsi 
of  the  B.  P.  They  contain,  in  addition  to  the  ethyl  alcohol  proper,  numbei9 
of  other  volatile  substances,  scaue  of  which  are  alcohols  of  the  same  series 
as  or<linary  alcohols  (but y lie,  amylic,  etc),  while  others  are  of  entirely 
unknown  constitution — the  tenant  hie  ethers.  Brandy  and  whiskey  act  v«ry 
much  in  the  same  way  as  pure  alcohtd,  liut  are  more  powerful  than  wouM 
be  expfcted  from  the  percentage  of  alcohol  alone.  When  freshly  distillcA 
they  are  much  more  irritant  than  when  kept  for  some  years.  Numerous 
other  preparations  containing  large  quantities  of  alcohol,  such  as  the  spirits 
of  the  volatile  oils,  might  also  be  inchtdetl  in  this  group,  but  they  are  not 
ui*ed,  as  a  general  rule»  for  tlie  same  purfioscs  as  the  alcoholic  prcparatioa^ 
proper,  and  their  etlects  are  in  part  due  to  the  volatile  oils  contained- 
Some  of  them  have,  however,  l»een  employed  as  intoxicants  instead  of 
brandy  or  whiskey,  and  Emt  de  Coloffuc  and  other  essences  have  gained  »> 
certain  notoriety  as  a  means  of  secret  drinking  among  women.  The  liquem^ 
are  too  numerous  to  mention,  and  their  composition  is  extremely  diverge-  ^ 
Many  of  them  contain  considerable  tpiantitics  of  sugar,  and  the  comhinatioO 
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L*b*jl  aiMl  >uglir  would  seem  petni I iiirly  deleterious  to  the  gjistrii*  mucous 
ae.  Others,  such  as  cherry  water  ( KiriscliWitsHer)^  eoritaiu  hyclroey- 
1»  nod  the  athers  variou.-*  bodies  of  the  volatile  oil  series.  None  uf 
till  to  have  any  properties  which  would  recommend  their  ii;ie  in 

Hues  and  Beers  are  much  weaker  preparations  of  alcohol.     The 
izes  two  forms  of  wine,  Vinum  Album  (white  wine)  and 
Vf<?d  wine,  claret).     These  both  couiaiu  10-14  ^r  of  aleohol 
lit,  along  with  1.5-3  J^  of  solid  tnatler  in  the  wliilc  wine  and  l.ti- 
Ftie  red.     The  Vinum  Xericum  (sherry)  of  the  B,  P.  contains  not 
\^%  of  aleohol  by  volume,  while  the  Vimtm  Alrantii  (B.  P.),  or 
Wfine,  ronfnins  10-12 'y>  by  volurae.      In  additiou^  llje  wines*  contain 
ie  volatile  eonstitneuts  at*   bnmdy,  although  in  smaller  amounts* 
fitted   are   prescribed    in    me<li<'iue,   some   of  which,   such   a;^   port 
*),  contain  larger,  and  others  smaller  quantities  of  alcohol  (hock  and 
ae  8-13'^).     The  red  wines  contain  a  form  of  tannic  acid  derived 
iskiti  of  the  grapes,  and  both  red  and  white  often  contain  consider- 
Qtitic^  of  acids,  chiefly  tartaric  acid.     The  amount  f)f  sn^ar  varies 
ditlerent  wines,  and  in  fiict  in  wine  from  the  same  locality  Imt  uf 
nt  «iiisons.     These  constituents  iiiay  lend  to  the  wines  a  local  dekv 
►n  on  the  stomach,  more  e^tpecially  when  they  are  taken  habitu- 
i[»ajsrne  and  the  other  sparkling  wines  contain  larjre  (luautities  of 
rt-^nsr  acid,  which  acta  as  a  stimnlant  to  the  gastric  mucous  membranes. 
apagn«^  is  considered  one  of  the  most  ^*  stimulant '■  of  alcoholic  ]>repa- 
LAlthough  it  contains  a  very  low  percentage  of  alcohol  compared  with 
|m  fact  which  is  of  some  signilicance  in  the  explanation  of  the  "stim- 
l^ffecta  of  alcohol. 

are  not  pbammcopo^iaK  and  are  less  frequently  advised  than 
preparations.     They  generally  contain  a  eoni]jaratively  small  jier- 
of  alcohol  (4-10  ^r),  abvng  with  a  large  aim  Mint  of  solids      These 
W&gl  mainly  ofde.Ttrin,  sugar  and  other  starch  i»r(Klycls,  w inch  retard 
lafcnrption  of  the  Hnid,  but  are  of  considerable  value  as  foods.     The  hops 
*  lla  the  preparation  have  probably  no  action  save  as  bitter  stomachics, 
f  Alcohol  of  beer  is  comparatively  slow  ly  absoriie<l  ow  iug  to  the  colloid 
DtSf  and  this  allows  time  for  fermentation  changes  in  the  sugars  and 
,  which  may  perhaps  acccuint  for  the  discon:kfnrt  produced  l^y  malt 
in  persons  of  feeble  dif^estiou.     When  beers  and  |iorter  do  not  de* 
'  Ihe  digestion,  they  are  the  most  nutritive  of  all  the  alcoholic  prep- 
,  owing  to  the  large  amount  of  carbohydrates  they  contain. 


Tlirapentlc  Uses. — Alcohol  is  used  rxfrrnafh/  in  very  dilute  M>Uitton 
itoooHng  application  to  tiio  skin,  and  in  threntcninjj'  bed.sores,  in 
l»i<^h  it  is  often  applied  as  brandy,  wdiiskey,  or  dilute  aloohcd  io  order 
•  tarrlen  the  epidermis.  It  has  been  emjiloycd  as  an  antiseptic  and 
jliU  irritant  to  broken  surfaces,  and  if  apt>licd  to  the  skin  in  concen- 
[fnrm,  and  esi>ecially  if  kept  from  evaporation,  acts  as  a  rubefa- 
irritent.  In  the  form  of  diluteti  darct  it  is  not  infi^qoently 
f  as  an  astringent  gargle. 

i  indications  for  the  ififenml  use  of  alcohcd  are  ill  defined,  and 
I  which  one  physician  would  treat  with  alcohtil,  oflen  seem  to  pro- 
ps s»  fjiv<»ral>1y  with<jut  it  in  the  hands  of  another.  It  m  not  suffi- 
Qttillr  n?efignized  that  this  dni;^  |>ossesse.s  several  d liferent  qualities,  as 
1  irritant,  narcotic  and  tbnd  and  that  while  one  property  considered 
r  render  it  unadvisaldc  in  a  given  com  lit  ion,  tlit'  *leletcriiius 
L'  1  t*d  iu  this  direivtion  may  be  mom  tliau  counterbalauccd  by 
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its  valuable  results  in  other  directions.  At  the  eanie  time  it  \% 
preferable  in  most  oa.ses  to  substitute  for  this  ctnijuoetion  of  good  and  ha 
properties,  other  drugs  with  a  less  exteuded  sphere  of  action.  On 
series  of  symptoms  which  is  often  ti^ated  with  wines  is  of  gastti 
origin,  and  is  manifested  in  want  of  apj^etite  and  enfeel>lenient  of  \k 
digestion  ;  in  some  of  tliese  cases  the  alctiboHc  pre|»aratinns  seem  to  b 
beneficial,  while  in  others  thry  appear  tu  be  positively  harnifuL  Thi 
may  be  explained  by  the  effect  of  alcohol  ou  secretion  ami  ab^^nrptiott 
only  those  cases  in  which  secretion  is  deficient  being  l>enetitcd,  but  thi 
tastes  of  the  patient  are  also  an  important  factor  ;  if  he  enjoys  the  tusd 
and  o(h>r  of  wine,  its  admiuistratioii  may  promute  ijis  a|*petUc,  whll^ 
on  the  other  hantl,  if  he  1ms  a  distaste  for  wine,  it  will  prove  harmful, 
There  is  no  ((uesiiou  that  the  functions  of  the  stomaeli  are  increased  hi 
pleasing,  and  retarded  by  unjileasant  tastes  and  odors.  In  these  ca«j 
"dry  "  wines  are  to  be  preferred,  as  the  sugar  of  the  sweet  wines  nui 
irritate  the  stomach  ;  champiignc  may  be  used,  and  the  wiue  ougl 
be  given  immediately  be^irc  or  during  a  meab 

Cases  of  hcmorrha<j;e,  shock,  aud  fttlier  forms  of  severe  and  su< 
depression  of  the  heart  and  central  nervous  system  are  very  frequ( 
treatcil  by  the  administration  of  strong  alcoholic  prepanitions,  su< 
brandy  and  wfiiskey,  this  treatment  being  base<l  n|M>n  the  belief  t' 
alcohol  is  a  cardiac  and  respiratory  stimulant,  the  grounds  for  wbich^ 
have  alrciidy  been  examined.  It  is  extremely  difficult  to  estimate  the 
value  of  a  remiHly  in  these  conditions,  and  it  is  possible  thnt  the  irri- 
tant action  of  alcohol  in  the  stomach  may  increase  the  activity  of  the 
medullary  centres  reflexly,  or  that  by  its  narcotic  action  it  may  lessen 
the  anxiety  and  pain  of  the  patient.  On  the  other  hand,  in  cases  of 
inhibitory  slowing  of  the  heart  it  may  aid  by  lessening  the  activity  of 
the  vagus  centre  in  the  medulla.  But  the  l>eueficial  effects  of  alcohol 
in  these  cases  has  been  much  questioned  in  recent  years  and  the  belief 
that  it  is  of  little  value  is  certainly  more  widely  held  at  present  than 
at  any  previous  time. 

In  sudden  chill  with  a  tendency  to  fever,  alcohol  is  often  of  great 
benefit,  especially  when  taken  in  the  form  of  brandy  or  whiskey 
diluted  with  liot  water.  Its  effieacy  here  wiiuld  seem  due  to  the  r^ef 
of  the  congestion  of  the  internal  organs  by  the  return  of  the  lAood  to 
the  skin. 

In  many  cases  of  acute  inflammatory  disease,  the  prescription  of  alco-- 
hoi  seems  to  lie  attended  with  benefit,  while  in  others  it  seems  to  rather 
increase  the  sev^erity  of  the  sympt<mis.  No  special  indicntions  can  he 
given  for  alcohol  in  these  cases,  and  flie  physician  nnist  be  guided 
by  its  effects.  An  old  rule  advised  that  if  the  [>ulse  l>ecomes  slower, 
the  temperature  foils,  the  respiration  is  dcn^per,  the  nervous  symptoai* 
are  ameliorated  and  the  skin  becomes  mnistcr  after  the  administmtioti 
of  alcohol,  the  treatment  ought  to  Ijc  continue<l ;  hut  this  is  merelj' 
equivalent  to  advising  the  continued  administraticm  of  alcohol  when  ifc 
is  fouml  to  improve  the  sytTiptoms.  TIjc  effect  of  alcohol  in  these 
cases  is  often  said  to  be  a  stimulant  one  on  the  heart  and  central  nerv— 
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«ysv:m,  hm  u  wouW  mtlier  seem  to  nllay  the  irrittibility  *if  the 


*1  slow  tlie  hc^[] 


ntri*55^,  and  thus  reduce  the  d 
mtion  by  tessening  the  rauscular  moveiueut.  Moreover,  the  tis- 
m  waste  U  much  increased  in  fever,  and  at  tlie  same  time  the  food 
iWrpiion  is  less  than  normally,  so  that  many  of  the  symptoms  may 
m(\  "trvation  of  the  tissues.     Alcohol  is  more  readily  absorbed, 

Id  ..'U  less  energy   from   the  digestive  organs   than    fats  and 

Safchy  foods,  and  at  the  same  time  has  a  Ijiglier  vahie  as  a  proflueer 
i^rgy  than  sugar.  It  cannot  supply  the  place  of  the  nitrogenous 
but  g^iven  along  witli  them,  may  lead  to  a  greater  economy  of 
tissue?*  It  is  to  be  remarked  that  aeeording  to  Neumann  alcohol 
to  have  this  effect,  at  any  rate  lu  normal  individuals,  until  it  lias 
given  for  several  days,  so  that  if  it  is  to  be  used  as  a  fbml,  it 
it  to  be  given  early  in  the  disease.  Strong  wines  or  diluted  spirits 
generally  employed  here  aud  ought  to  be  given  iu  small  tpian titles 
\t\y.  Alcohol  was  formerly  advocatc^d  especially  iu  septic  eon- 
aud  here  it  may  be  of  value  on  the  same  grounds  as  in  acute 
although  it  does  not  seem  to  have  any  specific  action  in  septic 
I,  as  was  once  believed.  A  protest  has  recently  been  raised 
the  use  of  alcohol  in  these  cases,  ou  the  ground  that  animals 
ed  to  alcohol  ?iuceumb  more  readily  to  intlK*tion  than  controls 
have  received  no  treatment,  aud  this  has  Imcn  shown  to  be  true 
wbeti  the  dose  of  alcohol  was  pro|M>rtionate  to  that  often  advised 
file  treatment  of  these  cases  in  man  (T^aitiuen).  This  is  undoul>tedly 
ol>j«?ction  of  great  weight,  but  it  must  not  be  forgotten  that  though 
il  may  be  deleterious  in  this  way,  this  may  be  more  than  com- 
for  by  its  vahie  as  a  food,  and  by  its  narcotic  effects  aliaying 
theoen^ous  irritability  and  promoting  sleep;  this  narex^tic  action  may 
vtTv  \\A\  t>e  conceived  to  be  of  benefit  to  man,  while  actually  preju- 
liinal  lu  aninuds* 
lo  some  chronic  forms  of  nervous  disease  alcohol  may  also  be  of 
ne,  although  its  administration  must  always  be  guarded,  owing  to 
U'riilcncy  to  the  formation  of  the  alcohol  habit.  Thns^  in  some 
of  mehuicholia  aud  of  neundgia  it  gives  relief,  partly  probably 
igli  its  depressant  action  on  the  brain  aud  partly  from  its  local 
►0  00  the  digestion.  S«)me  authorities  recommend  the  use  of  a  1  co- 
in ^mrill  quantities  in  cases  of  distress  of  mind  fnrni  any  cause, 
as*  grief,  business  anxiety  or  depression,  aud  undonl>tedly  alcoliol 
tKA*es  tlu^e  conditions  by  its  narcotic  aetion  on  the  brain.  But 
^iaiiger  of  the  alcohol  habit  is  so  great,  tiuit  many  physicians  refuse 
*^take  the  res|>onsibility  of  prescribing  the  drug  iu  tliese  eases. 

hi  chronic  conditions  of  cachexia  and  loss  of  flesh  in  genera!,  and 
Wnjr  convalescence,  alcoholic  preparations  are  often  lulvised  simply 
"^Wl^,  antl  in  these  eases  the  ales,  Innn^s  and  porters  are  generally  to 
J*  prt'fprred  to  the  others,  provided  always  tliat  the  stomach  is  not 
''^itated  by  tbera,  as  they  contain  other  food-stuffs  of  value  in  addition 
t^tlif  almhol. 
In  poisonous  snake  bite,  alcohol  is  generally  administered  in  enor- 
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mous  quantities,  either  as  whiskey  or  brandy,  but  it  seems  open  to 
(juerttion  wlietlier  it  is  really  of  value  in  these  e^ses,  and  its  action  on 
the  normal  tissues  certainly  gives  no  indieation  for  its  use  here. 

Alc*>hot  is  of  value  as  a  mild  hypnotie»  a  comparatively  small  quao- 
tity  taken  before  retiring  being  often  sufficient  to  secure  quiet  and 
refreshing  sleep.  Beer  or  spirits  and  water  is  generally  used  for  this 
purjKJse. 

Brandy  bus  a  certain  reputation  in  the  treatment  of  the  milder 
forms  of  diarrha^a,  while  the  other  spirits  have  no  effect  in  this  condi- 
tion.     The  means  by  which  this  effeet  is  accouqilislied  arc  unknown. 

In  the  prescription  of  alcohol,  the  ordinary  spirits,  brandy  or  whis- 
key, are  very  much  more  frequently  advised  than  the  purer  prepara- 
tions, as  the  latter  are  more  apt  to  pall  upon  the  taste  of  the  patient. 
Both  of  tfiese  spirits  ought  to  be  diluted  with  at  least  an  equal  quan- 
tity of  water.  The  wines  are  more  used  in  chronic  conditions,  although 
diluttnl  spirits  may  be  advised  here  also.  Beers  are  employed  only  in 
debility  unactMimpanied  by  gastric  symptoms. 

Alcohol  can  be  y;iven  to  children  in  relatively  larger  quantities  than 
to  adults,  and  again  in  old  age  no  such  reduction  in  the  dose  is  required 
as  in  tlie  case  of  many  otlu'r  drugs.  Where  a  toleratice  tor  alcohi»l  hjis 
been  established,  the  dose  has  tiften  to  V)e  more  than  doubled  in  order 
to  have  any  eftcct,  and  in  acute  febrile  conditions  very  large  quantities 
of  alctjhol  are  often  given  without  detriment,  though  it  seems  queslion- 
alilc  whether  an  equally  l>eneticial  result  could  not  be  attained  with 
much  smaller  doses.  In  gastric  irritation,  most  preparations  of  alco- 
hill  arc  contraindicated,  but  chamjMgne  is  often  of  benetit  in  checking 
vomiting,  especially  that  of  pregnancy  and  of  seasickness,  this  effect 
being  due  to  the  carlionic  acid,  not  to  the  alcohol.  In  nephritis  and 
other  inflammatory  c«>mlitJous  of  the  geniti>-unnary  tract,  alcoliol  is 
generally  avoided  on  account  of  its  supposed  effects  on  the  epithe- 
lium. 

In  regard  to  the  habitual  use  of  alcohol  by  healthy  persons  all 
authorities  agree  that  it  is  a  luxury,  that  it  is  entirely  unnecessary  ibr 
the  growth  and  maintenance  of  the  body,  but  that  taken  in  moderate 
quantities  it  is  harmless,  except  from  the  danger  that  this  may  lead  to 
the  haljit  being  formed.  The  habitual  indulgence  in  alcohol  to  excess 
IS  more  easily  intelligible  than  stmie  other  chnmic  intoxications,  for, 
unlike  niootinej  alcohol  is  taken  not  only  for  its  local  effects  on  the 
orgtms  of  taste  and  on  the  mncous  membranes  of  the  month  and 
stomach,  but  also  for  its  action  on  the  brain  in  numbing  the  ctm- 
sciousness  of  unhappiness,  and  this  weakening  of  the  higher  sensibilities 
by  drink  is  generally  the  object  sought  by  the  drunkard.  He  finds 
that  under  ak*ohol  his  habitual  depression  disappears^  antl  he  loses  (he 
sense  of  degradation  and  remorse  which  |x>ssesses  him  when  sober. 
The  depression  returns  in  exaggerated  form  after  the  effects  of  the 
drug  have  passed  off^  but  it  can  be  removed  again  by  the  same  means 
and  in  this  way  the  habit  is  l^ormed,  each  successive  dose  l>eing 
rendered  necessary  by  the  depression   produced    by  its  predecessor. 
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4i9i6efil  into  chronic  druokenncss  is  facilitatetj  by  tlie  lessening 
'  Ibe  sclf-cootrol  owing  to  the  action  of  alcohol  on  the  bmin«     The 
form  tlie  best  of  resolutions,  but  his  impaii'ed  will  power 
iirol  are  unable  to  carry  them  out. 
The  (-ymptoms  of  Chronic  Alcoholism  are  unfortunately  common,  but 
\m  In^alecl  l>etter  in  detail  in  connection  with  various  iurnis  of  dis- 
vrith  w^hieh  they  are  associated  more  closely  than  with  the  effects 
loed  by  tlie  medicinal  use  of  the  drag.     The  earliest  syniptotnis 
rally  observed  in  the  stomaehj  throat  and  larynx^  and  ain?!iist 
adbrDQic  catarrh,  which  is  oflen  accompanied    by  skin  atfeetions, 
Bidi  119  inje<?tiOD  of  the  cutaneous  vessels  (es[MK:nally  of  those  of  the 
Iksel  acne  or  pustular  eruptions.      The  irritation  spreads  from  the 
U  to  tlie  liver  and  kidney,  and  prtxluces  fatty  degeneration  and 
1^  of  the  cells,  followed  by  increased  growth  of  the  interstitial 
CODoeeiive  tissue,  and  cirrhosis  of  these  organs.     The  fatty  degeuera- 
tiottisftlso  fimnd  in  the  arterial  walls  throughout  the  lx>dy,aud  causes 
'ill»»rofna  and  arterio-sclerosis,  which  may  lead   to  small   aneurysmal 
•as,  ccchymosi^,  or  apoplexy.     The  heart   undergoes  more  or 
1    ;-    J ity  change,  which  is  accompanied   by  dihitatiou  and   weakness. 
Ill  the  central  nervous  system,  the  nutrition  is  im|>erfect  owning  to  the 
rMcitlar  changes,  but  in  addition  to  this,  alcohol  lias  a  speial  action 
m  the  Deurons,  which  is  betrayed   by  the  ilisapjK^u ranee  of  the  ehro- 
^^nuiules,  and  eventually  by  shrinkage  of  the  whole  cell.     The 
:  i;.Les  show  moniliibrm  enlargements  along  their  course,  and  in  the 
kbT  itaiee^s  the  finer  dendrites  disapjiear  entirely.     These  alterations 
'     rx-ntral  nervous  system  lead  to  imj>airment  of  memorv,  sclf- 
_         1  and   the  other  higher  mental  processes.     Tremor,  convulsive 
b,  hallucinations  and  mania  are  eventually  followed   hy  idiwy 
p&ralysisin  the  worst  forms  of  the  disease.     The  peripheral  nerves 
to  be  acted  on  directly  as  well  as  through  tlie  changes  in   the 
i,  for  neuritis  him    been  frecjuently  observed,  eniling    in   local 
\ym,    A  form  »if  amblyojua  conimencing  hy  atrophy  of  the  retinal 
lit*n  c^lls  and  later  extending  to  the  fibres  of  the  optic  nerve  hiiB 
y  received  some  attention  ;  it  seems  to  be  more  readily  elicited 
methyl  than  by  ethyl  alcohol.     A  charaoteristic  result  of  chronic 
Wism  is  delirinm  tt'cmnt^^  an   acute  attack  of  insanity,  wliieh   is 
»l^  to  wcur  after  any  shock,  such  as  liemorrhage  or  acute  disease, 
which  is  said  to  be  also  produced  by  the  sudden  withdrawal  of 
»  and  sometimes  occurs  without  any  apparent  immeiliate  cause. 
is  characterized    by   tremor,   perspiration,  sleepk\ssness,   fear,   ex- 
pert ami   hallucinations  of  the  various  senses,  which  dif!cr  from 
other  hallucinations  of  insanity  in  consistirjg  of  the  multiple 
of  the  same  object.     These    objects  are    often  animals, 
snakes,  rats,  dogs,  but  the  hallucinations  are  not  confined  to 
*»**  of  sight,  for   whispering   voices   are  couijilained  of  not  iufre- 

l»e  more  severe  forms  of  clirouie  alcoholism  arc  ctintined  almost 
'■ntirpjy  to  the  drinkers  of  undiluted  spirits.     Beers  and  whines  seldom 
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stiniulants^such  as  caffeine  or  Htryehiiiiie,  miiy  lie  had  recourse 
1,  aa  a  last  resort,  artificial  respi radon. 

onic  <tIcf^holi>im  *W  to  he  treated  by  the  withdra^^^al  of  the  poison, 

bU  U  licst  done  gradually,  as  the  immediate  stoppage  may  k'ad  to 

[Irium  tremens.     It  is  often  necessary  to  incarcerate  the  patient  in 

I  r»:treat,      A  large  number  of  drugn  have  been  advix'ated  in  these 

:^me  of  them  such  as  opium  acting  tis  substitutes  for  ala>hol, 

^p^i(Htm)  replacing  the  loc»til  action  on  the  stomueh.     The  use 

~^and  other  narcfjties  may  however  lead  to  a  craving  for  these 

is  quite  as  serious  as  the  original  condition.     Another  method 

iitnient^  whicli  ap|>ears  t*i  be  successful  in  some  cavSes,  is  the  ad- 

,  of  nauseating  drugs  sucli  as  ipecacuanha  or  ajwmorphine  to  the 

ol  which  is  supplied  to  the  patient.     The  association  of  nausea 

lU|Uor  eventually  becomes  so  strong  that  alcohol   in  any  form 

n€s  dtstastelul.     The  clonic   lesions  must   be  treated    indi%dd- 

treahiient  of  ddlrium  tremens  generally  consists  in  the  use  of 
al  oroptum  to  lessen  the  excitement.      It  is  often  necessary,  or  at 
'rate  advisable,  in  these  cases  to  allow  small  quantities  of  alcohol, 
^tW  sudden  withdrawal  may  aggravate  the  condition. 
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2.      General     ATHPtttln^fiVQ_  ^fhar    ^j^^     f!l.l/^r»fn^>m 

The  term  gieoeral  anfestbetics  is  employed  to  indicate  substances  used 
t^i  produce  uiiconst^iou^aes.s  siifticiently  eonj|dete  to  allow  of  surgical 
opcratiourf  being  per(nrmt?d.  lo  tbe  history  of  niiubciee  there  are 
rcpciitcilly  cybyom*e  allii,sions  to  8ub.staoees  used  for  this  purp(»he,  but  it 
was  not  until  the  cud  of  the  first  lialf  of  tlie  nineteenth  ccutnry  that  the 
era  of  surgical  aniestlie-sia  really  ojieued.  In  171)8,  Davy  advised  the 
nBc  of  uitnius  oxi<le  as  an  anaesthetic,  but  no  practical  use  was  made  of 
Ids  suggestion,  uiul  AVclls  may  Im'  said  to  have  rediscnvei-ed  this  |iroperty 
of  ihc  gas  iu  1844,  though  his  efforts  to  introdnce  it  into  genei^al  use 
met  with  no  greater  success  tliau  Davy's.  Ixaig  used  ether  in  1842- 
1843  in  surgical  ojK^ratious,  but  did  not  give  any  publicity  to  his  dis- 
covery, and  the  honor  of  demonstrating  publit^ly  the  practical  use  of 
ether  in  surgery  mnst  be  awarded  to  Jackson  and  Morton  in  184(>.  In 
1847,  Simpson  introduced  ehloroform  to  the  medical  profeesion  as  a 
snbstitute  for  etlier,  over  which  he  snpposcd  it  to  jKiSsess  several  ad- 
vantiiges.  Its  pharmuc<dogical  action  had  bt^^n  investigated  some 
montlis  catcher  l)y  Fhyurciis,  but  Simpson  appears  to  have  made  his 
investigations  quite  independently.  CIdoroform  soon  ousted  ether  in 
iwpular  favor  in  Europe,  and  although  in  America  a  considenible 
number  of  surgeons  continued  to  use  it,  ether  had  practically  fallen 
into  complete  disuse  thronghout  Europe,  save  in  Lyons,  until  a  few 
years  ago,  flie  eontinrially  increasing  number  of  accidents  in  chloro- 
form auicsthesia  has,  liowever,  caused  a  ix^action  to  set  iu  in  favor  of 
ether,  and  it  eeems  probable  that  it  will  once  more  be  reinstated  as  the 
rival,  and  perhaps  as  the  superior^  of  cldoroform  througliout  the  world, 
Even  in  1880,  however,  Kappeler  could  write  that  in  Germany  chlo- 
rtjform  was  used  exelusivelv, 

Many  attempts  have  been  nuide  to  introduce  other  snl)stances  of  the 
methane  series  as  substitutes  for  the  two  generally  recognized  anaes- 
thetics, but  as  yet  no  other  has  attained  [popular  favor.  Sm»u  after  the 
introduction  of  ether  and  eldoroform,  nitmns  oxide  gained  a  perma- 
neot  footing  as  an  anaesthetic  for  short  operations. 
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aQie!§thetics  are  invariably  given  by  inhalatitni  ant]  not  by  tl»e 
as  it  is  fouiHl  that  the  exat-t  depth  ^f  the  nan^osis  can  l>e 
easily  controileil  hy  the  former  method.  Both  tlie  absnrp- 
id  excretiou  of  these  drij^:§  ocenr  almost  entirely  by  the  lungs, 
inff  to  the  ordinary  physieid  laws  of  the  absorption  of  gases  by 
The  more  eoueeatrated  the  vaprir  of  eldnruforro  in  the  bings, 
l(er  is  the  qnantity  ab^orhed  into  the  blood  anc!  the  deeper  the 
By  regulating  the  proiiortion  of  the  vapor.s  in  the  air  in- 
thercfore^  ao  anaesthesia  of  any  desired  depth  may  be  iudueed. 
of  narcosis  and  of  danger  is  not  indimted  by  the  actual 
of  the  anaesthetic  which  has  been  used,  but  by  the  conceutra- 
of  the  vapors  which  have  been  inhaled  ;  one  patient  may,  in 
course  of  a  long  operation,  itdiale  antl  again  exhale  many  ounces 
eUofoform  without  danger,  while  another  may  be  thrown  into  a 
of  extreme  peril  liy  the  inhalation  of  a  few  drops  of  chioro- 
in  concentrated  vajyor. 

ims. — The  action  of  chloroform  and  ether  may  be  divided 
stages:    1,  that  of  imperfect  consciousness;    2,  that  of  ex- 
tent :  3,  that  of  aniesthesia. 

't  of  their  application  is  a  feeling  of  asphyxia,  which  is 
ke<l  in  the  case  of  etherj  and  of  warmth  of  ilie  face  and 
atid  eventually  of  the  whole  body.  The  senses  become  less  acute, 
peilient  .seeming  to  sec  only  through  a  veil  of  mist,  and  the  voices 
tho^  in  the  immediate  neiglihorhcwid  ajipeariug  to  ettme  from  a  dis- 
Ringing,  hissing  and  nmring  in  the  ear^,  tiud  a  feeling  of  stiff- 
au«l  of  inability  to  move  the  limbs  lierahl  the  approach  of  uncon-  ■ 
ness.  With  the  exception  of  tlie  first  feeling  of  snfibcation,  the 
;tre  generally  pleasant.  During  this  stage  the  face  is  geuer- 
1,  the  pupils  enlarged,  the  pulse  is  somewhat  accelerated, 
iii  tW-  respiration  may  be  reu*lere<l  irregular  by  the  sense  of  suffoea- 
lO^or  may  be  slightly  quickened.  Even  at  this  early  stage  sen- 
id  blunted. 

jypf^  atoye  of  e^itemcat  varies  extremely  in  difTerent   indi* 
link     In  some  cases,  especially  in  children,  it  is  entirely  absent, 
Otithers  it*i  preneuce  may  be  indicated   merely  by  tremor,  by  the 
ihing  of  the  limbs,  or  by  irregularities  in  the  respiration,  but  in 
majority  of  cases  of  anaesthesia  it  is  much  more  marked.      It  often 
by  movetnents  of  the  arms,  designed  eitiier  to  push  away  the 
ion  mask  or  to  enable  the  psitlent  to  rise ;    soon  his  other  nius- 
safe  involveii  in  the  movement ;  he  struggles,  ehouts,  sings,  groans, 
bureti!  into  laughter.     The  move  men  ts  are  not   geuerally  uncoor- 
ifiated,  but  are  evidently  the  result  of  some  dream-like  condition  of 
'!>« cfmsclousness,  and  these  dreams  are  often  connected  with  the  openi- 
iionor  with  the  surroundings  of  the  patient  before  the  inhalation  Ijegiin. 
Tbe?are,ofcxJurse,  determined  largely  by  his  natural  mode  of  thought 
^'^ne person  prays  aloud  and  sings  hymns  ;  another  abuses  the  surgeon, 
*  '^^ofipital  and  all  his  recent  surroundings, while  yet  another  is  overcome 
^^h  ihe  fear  of  impending  death  and  laments  his  unfortunate  position. 
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In  this  stage  the  pulse  is  genemlly  quickeneti,  the  skin  is  flushal 
often  cyanotic,  the  respiration  is  extremely  irregular  from  the 
gling,  and   rhe  pupil  n»ritiniies  somewhat  dilated      If  the  aniB^t 
Ix'  pushed,  however,  the  movements  8*>on   become   less   powerful, 
muscles  rehix  and  the  stage  of  aniesthesia  sets  in. 

In  the  thirfinLu^/r,  tlie  face  asisnmes  a  calm,  death-like  appea 
frcitn  tlie  relaxation  of  the  mnscle,s,  the  pupihi  contract  somewhat 
do  not  react  to  light.  The  reflexes  di^iipjtear,  ouc  of  the  last  to 
being  the  closure  of  the  eyelid^i  on  touching  the  c»ornea.  The  pi 
Is  generally  somewhat  slow  and  weak ;  the  face  is  pale  in  clif 
form  auiestliesiaj  but  may  be  sutTused  and  cyanotic  after  ether. 
respiration  h  slow  mid  shallow,  hut  regular.  This  gtage  of  anicst 
may  be  kept  np  for  lioui^s  without  much  ciiange  l)y  the  repeated  in!] 
hit  ion  of  small  quinititfes,  althougfi  the  pidst*  tends  to  become  weaker 
and  the  respimtion  shallower  unless  the  greatest  c^re  be  exercised,  and 
the  Imdy  tem|K'ratnre  invariably  sinks.  When  the  administration 
eeases,  tlie  patient  passes  again  thrungh  the  excitement  stag^,  which, 
however,  is  not  generally  as  violeut»  althongh  it  may  be  more  pn>- 
longed,  and  then  often  sinks  into  slet^p,  which  lasts  several  l»ouw. 
Not  infreqnently*  however,  in.stead  of  sleep,  nausea,  giddiness  and  vom- 
iting continue  fi>r  some  time  after  the  reei>very  of  consciousness. 

In  surgical  aniestliesia,  tfie  third  stage  is  often  interrupted  bv  slmrt 
intervals  of  semi-consciousness  and  slight  excitement  if  the  adnn'nis^ 
tratiun  of  the  drug  \w  occasionally  interrupted,  as  is  sometimes  ad- 
visable in  prolonged  operations, 

Tlie  nse  of  these  drags  is  so  widespreail,  and  the  indications  of 
danger  in  anaesthesia  are  so  imiM>rtajit  tliat  a  more  detailed  account  of 
the  idterations  oljserved  during  their  use  in  the  human  subject  miijr 
be  inserted  here. 

ThQjfiifj<f'  is  often  somewhat  accelerated  l>efore  anaesthesia,  owing  to 
the  anxiety  and  ncr%HHisness  of  the  jHitient,  and  in  the  IHrnt,  and  still 
more  tlie  secf>nd  stiige,  a  further  acceleration  may  occur  frr*m  the  same 
cause,  although  in  other  instances  marked  slowing  of  the  pulse  mw 
set  in  here  fn>m  reflex  stimulation.  When  the  stage  of  an^esthe^^ia  15 
reacheil,  the  pnlse  becomes  slower  and  wcidver  than  normallv,  and  this 
change  increases  with  the  depth  of  the  aniesthesia  pr<.xluet?d.  It  re- 
mains perfect iy  regular,  however,  in  ordinary  cases,  and,  in  fact,  un- 
less the  ana^thesia  has  n^acheti  an  extremely  dangerous  stage.  In 
VQTV  prolonged,  deep  anaesthesia  the  weakness  of  the  pulse  mav  giw 
rise  U)  anxiety,  especially  if  the  tcnii>eratnre  nf  tljc  body  is  verv  low. 

The  re^pirfrfiott  is  generally  fairly  regular  until  the  se(X)nd  stage, 
sa%*e  that  the  breath  may  lie  held  for  some  time  owing  to  the  choking 
sensation,  and  a  deep  gasp  may  follow ;  cougliing  is  occasionally  met 
with,  especially  in  the  first  stage  of  ether  anesthesia.  In  the  second 
stage,  the  respiration  is  extremely  irregular  when  the  excitement  is 
viftlent.  The  respiratory  tnust'les  are  involvtM^l  in  the  general  ctnivul- 
sive  movements,  so  that  no  air  whatever  can  enter  the  lungs  for 
several  moments,  and    tlien  several   deep  gasps  may  fiillow  and  load 
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with  conceotrateil  vapor.     During  the  thirtl  stage  the  res- 
cm  becomes  rggular  but   shsil lower  and   slower   than   before  the 
tic  was  applieiij  and  if  the  operation  be  prolauged,  tlie  weak- 
I  of  the  respiration  may  give  riae  to  alarm.      Large  quautities  of 
5ni  and  muciis  may  hinder  the  respiration  and  require  removal,  and 
'^.nrrence  is  the  pro(hictioa  of  suoring  from  tlxe  falling  l)aek 
.  je,  and  iliis  may  also  require  attention. 
Thf  btfhavior  of  tlie   [inpil  is  of   some   importanee  iu  aniesthrsia. 
ttg  the  first  and  seoond  stages  it  is  generally  somewhat  dilated^ 
iik^  soon  as  complete  unconsciousness  is  attained,  it  beot)mcs  rather 
ower  than  it  is  normally.     As  the  patient  rL-eoversj  tlie  sliglit  dil- 
tin  nxTurs,  and  if  the  respiration  and  cireulation   be  dangerously 
this  dilatation  also  oeeurs  in  most  eiLses.     Dilatation  of  the  pujiil 
^e  of  uiucsthesia^  therefore,   indicates   danger,   unless  it  is 
iie<l  by  symptoms  of  returning  consciousness,  such  as  reflex 
Its  and  vomiting, 

r^f  jfi/mpfom.'^  which  oeeur  in  sorae  oases  arc  squinting  and 

M»r  less  rhythmic  movements  of  the  eyebalL      In  tlie  begirming  of 

kttroofiis  the  pupil  is  generally  directed  upward  and  is  covered  by 

er  lid  as  in  ordinary  sleep,  but  later  it  returns  lo  the  ni>rmal 

ttioo ;  curious  rolling  mov^ements,  which  are  tpiite  independent  in 

!  two  eyes,  often  make  their  apjiearanee  (Kappeler,  Ilogyes). 

Tlie  hjiprrsferetion  of  saliva  and  of  bronchial  niuens  is  much  more 

Brked  in  ether  than  in  chloroform  anaesthesia.      Vomihvf/  *x?curs  so 

^jiieutlv  during  amesthesia  that  it  may  b(*  lot^ked  upon  rattier  as  one 

the  nttendant  phenomena  than  as  an  accident.      It  may  set  in  prac- 

allv  at  any  time,  but  i?^  more  often  seen  in  the  late  than  the  early 

«tag*s»  and  more  frequently  wlien  the  antesthetic  is  applied  soon  after 

4  meal  than  when  the  stomach  is  empty. 

Actioa. — The  action  of  ether  and  ehloroforin  on  the  Central  Nervoua 
System  is  evidently  similar  to  that  of  alenhol,  although  the  phenomena 
y>itiially  elicited  in  the  use  of  the  Ibrnier  are  yery  rarely  proiluced  by 
ttie  latter.  In  all  three  intoxications,  however,  there  may  be  observed 
l^^  stages  of  lessened  eonscioiHiiess,  of  excitement,  and  of  total  uucon*- 
_xi<>u*ui'^!$.  Alcohol  was  formerly  administereil  in  very  large  quantities 
lalUw  of  surgical  procedure,  and  ether  has  not  infrequently  been  used 
la  habitual  intoxicjint. 

IThe<e  aaa?stlietiea  produce  the  same  progressive  paralysis  of  the  cen- 
»1  nervous  sy stem  as  a  1  c* >1 1 ol ,  eo m  ra en c i  u g  ^v i  1 1 1  the  h  ig best  ee r-el > ru  1 
ion?»»  tho^e  of  self-cfjutrol,  and  passing  downwards  through  the 
^r  iatracranial  divisions.  The  spinal  cord  is  affected  before  the 
tliiilary  centres,  which  are  the  last  part  of  the  central  nervous  sys- 
to  Ijeoome  paralyzed-  8(jnie  authorities  believe  that  the  motor 
the  brain  are  first  stimulated  l>ef«>re  Ijcing  paralyziHl,  but  it  is 
iiry  to  enter  npcni  this  question  liere,  as  it  has  been  discussed 
nnderalc3i:>h<il.  The  wilder  excitement  of  ehlorolbrm  and  etfier  may 
'^*'hie  to  the  greater  irritation  which  they  excite  in  the  periphery. 
It  may  1^  remarked  that  the  depression  of  the  motor  areas  has  been 
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shown  experimentally  in  the  case  of  chloroforra  and  ether, 

i?ironger  electric  stimulus  being  necessary  to  produce  movenii 
limb  after  thei^e  drugs  than  before  them  ;  their  excitability  by  tl 
trie  current  has  not  iK^en  tested,  however,  during  the  excitemenj 
The  aneesthesia  is  not  produced  equally  riipidiy  throughout  tb 

the  baj?k  aud  the  extremities  fii 
coming  insensihlej  then  the  ^mi^ 
gans  and  rectum  and,  last  of  a 
partes  Bupplied  by  the  trigeminus 
retlexes  of  the  spinal  cord  are  a 
be  fin§t  incnaf^nl  by  ether  and  t 
form  and  tlien  depressed  and  pari 
but  the  primary  increase  is  of  vcrj 
duration  and,  in  fact,  it  is  open  to 
tion  whether  it  CKXMirs  at  alb  It 
seem  tliat  ether  and  chloroform  t 
de|>ress  the  sensory  functions  beft 
motor.  For  Bernstein  found  in 
cases  that  if  chloroform  were  exfl 
from  a  section  of  the  spinal  col 
destruction  of  part  of  the  pia  ! 
reflexes  could  be  elicited  in  otbel^ 
of  the  cord  by  the  irritation  of  sc 
nerves  whose  cells  lay  in  tlie  prgl 
arc»a»  while  irritation  of  nervei 
<:h?11s  of  wliicii  were  exposed  % 
chloroform,  had  no  eflTeet  (Fig,  5) 
the  jimteeted  area  there  were,  of  Q 
both  motor  and  sensory  cells,  and 
pulse  reaching  the  protected  f 
cell  was  tninsniitted  tu  the  neighl 
and  also  to  more  distant  motor 
Au  impulse  reaching  the  ex[K)sed 
sory  eelli  on  tlie  other  hand,  \\m 
transmitted  to  tlie  njotor  cells,  altj 
these  were  shown  by  the  tirst  pi 
the  experiment  to  be  capable  of  stil 
tion.  Later,  however,  tlie  niotoi? 
are  also  jvaratyzcd,  as  is  show 
stimulation  of  the  cord  having  no  ( 


-R  mrt 

of  ctilt>- 


Wagram  of  the  spiiiaJ  cord,  A 
of  tilt"  cortl  (jjifjoacti  to  ibi?  autiOD 
rofonn,  li-V  part  unafl'ected.  A  *ensory 
Itiiprc'^HloQ  travelitie  hy  the  poAt^rior  rtMjt 
filire  li  does  out  e  tic  it  «  reflex  tnoi^rtinent, 
bill  one  rfiacliine:  liiecord  through  the  iin- 
afrtM:ipd  rtjol  K  causes  reflei  impuljsea, 
whkh  may  be  %^nl  mil  by  tbe  motor  ceH* 


^i^;i:l^.n^'TiI^:;.mort^^;^l  even  when  the  respiration  instill  i^ 
^''^^^^r?^.{if:.'^:^.^±'^^r!;^jr:  Electrical  stimulation    of    the 


mmiding  theiii  a«3,  therefore,  iniact  after    a-^vv^'^^-^'    .-niniiiatMni     1..1      lut*    CC^ 

th|j«flei£  arc  i*  interrupted  «t  swme  oth«r  ,i;otor  areas  produccs  movement  fof 

time  after  sensation  has  been  lost, I 
the  aufesthesia  becomes  deeper,  their  irritability  disappears.     F 
the  meclulhiry  centrci^^  are  al^o  panilyzed  by  the  aniesthetie.     \ 
authorities  have  stated  that  they  ure  first  stininhired  dlrc^etly  by  eh 
form  and  ether,  but  the  evidences  for  this  will  \hj  discnssed  later jj 


A 


ETHER  AXD  CHLOROFORM, 


159 


The  raedallaiy  centres  are  liable  to  be  afl'eetecl  by  roflex  stimu- 
up  to  tlie  ramaent  at  which  they  cease  to  send  out  impalses,  for 
tory  centre  responds  to  tftiiiuilaiion  of  tlie  superior  laryn- 
LL-*  long  as  the  respiration  continues.  It  i.s  jK>S!sibh^  tliat  the 
cells  are  oot  directly  paralyzed  by  the  drug,  bat  can  only  send 
iimjml^i^  received  from  the  sensory  cells,  and  that  the  fiaraiysis  of 
the  cause  of  the  aspljyxia. 
l8hortly  stated,  the  direct  action  of  ch!<)ri>fonn  and  ether  on  tlie  cen- 
nervous  system  is  a  descending  depression  and  paralysis  which 
the  medullary  centres  last  of  all,  and  which  probably  affecta  the 
orr  and  receptive  functions  sooner  tlian  the  niottjr  ones. 
*  The  action  of  chloroform  and  ether  on  the  Respiratory  Centre  is 
lly  direct  and  partly  indireet.  In  the  first  stage,  the  respiratory 
ovements  may  be  slowed  or  stoppd  temporarily  by  a  reflex  action 
;  op  by  the  irritation  of  the  terminations  of  the  trigeminus  in  the 
» and  throat  and  of  the  pnenmogastric  in  the  larynx  and  bronchi, 
this  interruption  is  only  of  short  duration  (l^ig.  6).     During  the 


Fig,  6. 


f  nrth«  blocd-preaure  (upper)  «inl  of  the  respiration  flow^cr)  uf  a  cat  at  tbe  WgtDfiing  of 
klUioiiL    A,  normal  respimtiuri.     At  /^  Hlaer  hihn]e>J^  and  tliLTL^  follitw!^  an  inituediate  nlaw- 

-^  fRifiirsaaa  (reflex  iDhibiitgn)  culniiiiaLini^  in  ^^isplng  at  V.     Tbu  r«spiratorjf  I  racist  g  then 

■  ItoikonDiJ  appMirsiioe  except  for  tfotue  ttlawlajf  (ceutrat). 


I  Stage  the  regpiration  is  oft-en  rendered  irrcgnhvr  by  the  eonvul- 
'  stroggling^  which  produces  alternately  periods  of  usphyxia  and 
» gapping  movements.  During  the  tiiird  stage,  tlie  respiration  is 
ularaml  no  reflex  distnrbance  occurs,  liecause  the  sensibility  is  so 
Idalled  that  the  continued  irritation  of  tlie  ner%^e  ends  causes  no  reflex 
if^jumse.  In  this  ^tage,  however,  I  he  direct  action  of  the  drug  on  the 
iCHitre  makes  itself  manifest  in  the  slow  and  shallow  respira tory  move* 
m^ntji.  If  the  drug  be  pushed,  the  weakness  and  stowness  of  tlie 
[llie)vement5  increase,  until  the  respiration  ceases  entirety  from  paralysis 
rftftbfjocntre.  In  man  and  the  dog  and  cat  tlie  respiration  is  gradually 
mtin^uisljefl,  but  in  the  nd>bit  the  final  standstill  is  preceded  by  very 
[wpidand  ext^ensive  respiratory  movements,  wldeli  have  not  been  ex- 
_>laiu(d  hitherto,  but  prol)al»ly  liear  some  relation  to  tlie  acoelemtion 
"^>f  the  respiration  seen  in  the  rabbit  after  alcohol. 

The  effects  of  the  anresthetics  on  the  Circulation  are  complicated  by 
^'>«  ft^^piratory  action,  and  in  order  to  arrive  at  any  satisfactory  con- 
'^I'lNtonsas  to  the  changes  in  the  heart  and  vessels,  it  is  therefore  neces- 
*7  to  examine  their  action  while  the  aeration  of  the  blood  is  carried 
^1^  artificial Iv,  when  tlie  effects  are  seen  to  be  partly  direct  and  partly 
^"fllrect.     The  first  change  <jbservcd   in   tlie   blood-pressure  tracing, 
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aft4?r  chloroform  or  ether  b  often  a  slowing  or  even  a  temporary  stand- 
still of  the  heart,  due  to  reflex  stimulation  of  the  inhibitory  ceutre 
from  the  irritation  of  tlie  air  pa.ssiages  ;  but  in  other  eases  a  short  xm 
in  the  blood-pressure  is  seen  from  a  similar  reflex  action  on  the  vaso- 
motor centre  and  this  may  be  accompanied  by  extreme  acceleration  of 
the  pake  arising  from  the  general  excitement.     Later,  however^  a  fall 

Fig.  7. 


B     A 


E 


tfUVtftAilAilrtr  MrtrtAKiU^A^MAr  JtnAAm\nAJlA^ 


J^J^JtlVrtjuirtiVAxU\J\Aj\j1Ailj;j^llJl^^ 


Gndual  fflJl  of  ,llie  blaod-preasupc  in  r  cat  diiriii;;;  AnsMitheivta  with  dilute  chloroform  vapor.  At  A, 
normal  preiisii re.  Hy  liihalation  ei^tiifuenuueJ  iind  Oie  prca»iiri>  slowly  ftilh  §0011  afterwardA.  C,  blood* 
prwaure  fi  laltiiateB  iifler  E,  If,  10  mkmttra  ufter  IS,  E,  i^J,  mm'ut4>ii  later.  A I  E,  the  ronpiratioa 
has  oeft»ed,  but  Ibe  blood^prcBauro  if^  aUU  fairly  high  and  th«  puUe  Is  BAtiiiEa^storj.  Belaw  Ibe  time  i* 
mmrked  in  tecuuds. 

in  blood-pressure  is  observed,  and  afterwards  a  distinct  slowing  of  the 
heart.  Eventually,  if  the  administration  be  carried  far  enough,  the 
blood -pressure  falls  iu  zem  and  the  heart  ceases  to  beat.  The  way  in 
which  this  fall  in  the  bhiod- pressure  is  produced  has  Ijeeu  tlie  subject 
of  prolonged  discussion,  but  it  is  now  genera  I  ly  recognized  that  the 
weakness  of  the  heart  is  the  chief  factor  and  that  along  with  tliis  there 


Fig,  8. 
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ijtAAjUiJlj-UlJiurtJUUUljU\jUljUUlLAAjU 


-Huj^-il^Uli^dAjUiAjriijUlLjUWlA^ 


Suddea  and  fliiii(ieT0U9  full  In  the  hliH>tl-pr€'A'!i]iinj  fmtu  the  inhiilatinn  of  too  etnieeutrnJed  vapor  of 
rlitoruforrn  dsulng  auii^stbesia  lu  a  caL,  At  A  tlir  coiMf  otmli'd  vB|>or  began  »o  be  Inftpfrod.  At  li  llie 
biotMl-preMiirc^  bud  fulkM)  to  about  one  Uiirrt  of  the  height  at  ,l»  and  tbf  pcilce  wtks  au  weak  »»  U>  be 
BCArcelv  pcTCopliMi'.  Thy  diloroforni  mask  wras  reniuvl;Kl,  and  at  ('  artificial  reapiraliun  wu  ootn* 
nieooeu  whi^u  the  imlse  rapidly  iiuprov«d  in  strength  and  the  pri^ssure  began  t4>  ri»e. 

is  a  progressive  enfeebleraent  of  the  vaso-constrietor  centre.  The 
vagus  centre  is  nuieh  let*s  affected,  and  in  some  instances  the  slowing 
of  the  pulse  is  due  in  part  to  its  increased  activity,  so  that  more  chloro- 
form may  accelerate  the  pulse  somewhat  througli  the  tlepression  of  the 
inhibitiun  counterbalaneing  the  direct  deleterious  effects  on  the  heart. 
It  is  not  infrequently  asserted  that  tlie  action  of  ether  difltTs  altogether 
from  that  of  chloroform  as  far  as  the  circulation  is  concerned,  but  this 
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Ohlomfomi  acts  much  more  powerfully  than  ether  on 

tbe  drculatioti,  but  their  action  is  the  same  in  ktiul 

The  (w^X^  Henri  under  chhjroforni  or  ether  beats  more  t^krwly  und 

weakly,  and  at  the  mine  time  nndergt>e«  a  eertain  amount  of 

illl  owin»^  to  tlie  piiraly/in^  effects  of  thci^e  drujL?^  on   the 

de.     About  48   times  a*^  niueh  ether  as  ehlurolbrm  is  re- 

ijulred  to  affect  the  frog^s  heart,  however,  and  in  order  to  bring  it  to 

dia:!?tnlic  standstill    36  times  as  much  ether  as  ehhrraform  most    be 

mlilcii  to  the  blmHl. 

Tlic  dfi^t'S  on  the  mammahan  lieart  in  deep  anmstheiiia  are  very 
•similar.  The  slnwin^  is  nut  §o  market^  however,  a:*  the  weaknehH  and 
thir  dtbttmtion,  s*i  that  the  rhythm  of  the  pulse  does  not  indicate  the 
eJltetit  to  which  the  lioart  is  affe<'ted.  The  aurieles  are  acted  on  by 
stoiillrr  ^umilUies  than  tlie  ventricles,  and  the  former  may  Im^  rendered 
•o  iremk  &&  to  give  practically  no  movement  to  aQ  attached  lever  long 

Fio.  9, 


a       I    I     .:r«pcrijc  recorl  of  ih«  nio»enieoi«  Af  the  rlichr  aurlet«  i  iipiji^r  tfneloc)  Hud  right ^CDtrlctfl 

.#   T  f  r^  i«g»  .tf  Ih"  I'-t  ^liirtnij  tUi*  InhalailoD  of  c  inc^Miriitc  t  <  hr>rnfnrni  vap^ir,     f  hiring  Avitulo 
i|y»«f  lKt9»  t>.  I  .'  nfrom  f/ lu  .MO  A'     In 

Pll^n  r  ctivirljr.      \  Thee%- 

mf^r  rapiaiV  dim  :rils/>WIM 

,  .hnrl  time  Ihti  jmrlrir  rrt:i.H,'il   in  4ui^tui<\  ^Ujdi"   Kit-   vcittrlcle  «<>Q- 
i  ftkeaed.    At  B^  tlio  chlorororm  »»<*  atiutoff  aud  ibo  heart  bo^^tk  U> 


b  •'•  *  ventricular  force  is  ver)^  serioutily  impaired  (Fig.  9).     The 

i;  t  effect  of  these  drnjjp^  on  the  heart,  tlieivfore,  is  a  we;ikne!te* 

in  tbr  auriculnr  cimtniction  and  an  increiuse  in  the  ventrieidar  relaxa- 
rJ  Ml       The  diminution  in  the  strength  of  tlie  auricle  progn\sses  rapidly, 

tbe  ventricular  dilatation  mxju  readies  a  maximum  and  is  ac- 
comp  "  '  '  '''  Icj^sinuHl  force  of  contraction.  Tlie  anrieuhir  weakn(^** 
nyiffi  .  »o  great  that    iiraetically  no  IJchmI  is  exjieUed  l»y  itn 

M  (d  the  slowing  (»f  the  heart,  which  ha?^  not  U»en  very  marked 

ii|>  .^-  .,,13  {H>int,  ljec<jmes  tli:ftinct.  The  vttitricnlar  cimtractions  next 
booQine  ex t namely  weak  and  ocoiisionally  fail  entirely,  and  soon  after- 
vanb  tlie  heart  conicM  to  a  standstill  in  diastole.  Occ4Lstonalty  a  venrnis 
pilUe  App^ftni  during  surgical  aniesthesia,  arid  this  may  Iw  due  to  the 
diktstkiii  of  the  right  ventricle  causing  incom|>eteney  of  the  tricuspid 
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valve.  Stimulation  of  the  iohibitory  nerves  has  less  effect  than  nsual 
during  aufesthesia  with  ohlornform  or  ether,  but  it  does  not  seem  likely 
tliat  this  lessened  aetivity  of  tlie  peripheral  mechanism  plays  any  part 
in  the  symptoms  observed  in  practice^ 

The  VnH(*ii!iir  effects  of  the  antEsthctics  are  rendered  very  difficult 
of  investi*^atiuu  by  the  pn\st*uer  of  tliese  changes  in  the  heart*  The 
general  iuipr<\ssiou  has  Ijeen  that  the  tone  of  the  vaso-niotor  centre  is 
lowered  and  that  the  l)loiKl-pres,sure  tlierefore  falls  through  the  dila- 
tatiou  of  the  vessels  along  with  the  weakness  of  the  he^irt.  Thu* 
Selieinesson  ol>served  marked  tlilatation  t»f  the  vessels  of  the  rabbit's 
ear  nuder  cldorolVirni,  aud  several  investigators  found  the  reflex  irrita- 
biHty  of  the  vaso- motor  centre  diminished  or  alxjltshed  entirely  by 
chloroform,  while  ether  had  less  etleet  on  it. 

Gaskell  and  8hore,  however^  came  to  the  result  that  chlorofurm  actyally 
tiniulai«9  the  viiso-aiotor  ct'iitrt*  ami  rauses  narrowing  of  the  peripheral 
Vessels*  Their  most  iui|H>rtiiat  experiiijent-s  cousiated  in  feeding  the  brain 
of  oae  rabbit  or  dog  from  tla?  vessels  of  uaotbt-r  (Fig.  10)  by  joining  the 
peripheral  ends  of  the  earotids^  i'\  m  one  animab  A,  to  the  centnil 
ends,  C,  in  the  other,  B.  The  ju^i»;nhir  veins,  JJ'^  were  eonneetcd  in  the 
same  way,  ih\  giviag  chloroform  to  the  feeder  rjihhlt,  B,  its  lilood-pre^^sure 
telij  beciuise  it  was  carried  to  the  heart,  whih^  on  the  t»ther  liand,  the  bjood- 
preti^urr  of  tlje  other  nibbit,  A,  rose^  although  ehloroforai  was  carried  to  its 
liruin  iind  vaso-nicHtir  eentre.  They  eonrlude  from  this  tluit  the  \^aS4>motor 
ivntre  m  stimtilsiUtl,  and  the  arterioles  contraet  through  the  aetion  of  chloro* 
form,  but  that  the  n-snltant  rise  of  hlood-presf=nire  isjirevented  l»y  the  simul- 
taueons  weakerdng  of  the  heart's  aetion.  After  large  qaanlities  of  ebloro- 
form,  however,  the  viiso -motor  centre  \\U\>  becomes  weakened  aud  the 
arterioliH  dilate*  Conelnsions  from  ^o  eoaiplieated  a  method  ean  be  drawn 
safely  only  when  utdform  lentdts  hnve  been  obtained  in  a  large  number  of 
exjieriments,  but  it  would  seeia  tliat  the  effect^i  of  the  anesthetics  on  the 
va.-^c»-motf>r  centre  have  been  exaggerated  hitherto,  aud  that  the  chief  poiat 
of  attiick  as  regards  the  eireulatiou  is  the  heart. 

There  is  no  reason  to  snppose  that  the  vessels  are  acted  on  directly 
by  either  chloroform  or  ether,  although  it  is  not  impossible  that  this  is 
the  ease*  A  marked  dilatation  of  tlie  skin  vessels  occurs  in  the  first 
stage  of  ana&stliesia,  and  iu  the  ease  of  etlu^r  at  any  rate,  generally 
persists  throughout  ;  tliis  is  probably  due  to  some  central  action,  but 
here,  as  in  mauy  other  similar  iustances,  the  primary  dilatation  of  the 
cutaneous  vessels  has  not  been  fully  cxplaiuetK 

During  aniesthesia  Pick  found  that  the  blood  current  in  the  veins 
of  the  extremities  is  slower  than  usual,  wliile  iu  the  l>raiu  and  aMo- 
men  it  is  increasi^tl  owing  to  the  extreme  dilatation  of  the  vessels, 
Otiu'r  olnerverH  mention  ameniia  of  the  brain  as  a  constant  feature  in 
amesthesia.  It  seems  likely  that  this  divergence  of  views  is  due  to 
the  observations  Inving  been  made  at  different  stages,  aiul  that  the 
brain  vessels  are  at  lirst  dilated  like  those  of  the  skrn,  but  afterwards 
liecome  pale  antl  anicmic. 

Kemp  has  recently  drawn  attention  to  a  marked  contraction  of  the 
renal  vessels  of  the  dog  w^ithout  a  correspond iug  increase  in  the  general 
blood-pressure  during  deep  ether  amesthesia,  whirh  lessens  the  secre- 
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and  may  arrest  it  corQ|jletel\\  or  caiLse  such  injury  to 
lK!y  that  albuminuria  or  fveu  luetiialuria  niay  fijllow.  Some 
state  that  albumin  is  tbujKi  iu  tlio  urine  in  a  eonssidurablr  pro- 
of cades  of  ether  amesthi'siu  io  man,  which  won  hi  suggest  that 
^{viridiiig  action  is  elicited  here,  but  othei-s  have  failed  to  detect 
mge  except  a  slight  diminutiou  of  the  uriup.     The  discrepancy 

re^ult^  may  perhaps  be  due  to  the  inetbul  of  administration. 

often  giv^en  in  sucJi  a  way  as  t4j  iudiiee  (mrtial  asphyxia  and 
\y  imluee  contraction  of  the  renal  vessels  without  a  eorrespontl- 
^  in  the  blood -pressure  if  the  heart  be  much  weakened  by  the 

Fio.  10. 
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orih«  11  ittion  in  two  raltbiu.    r,  C,  the  contml  fln*J  podpticral  cods  of  the 

"inenrs  tNmnLti*?ti  iiv  a  lube.     J'.  J,  Ww  |;H?riphFriil  and  central  eiida  uf  I  he  jnn^ular  V45itt»  con- 
«>  lh«  ha.m«  «^y-     T[i«i  nrrowin  iuclicsite  tiict  tliroctioo  cif  the  blluod  ciirruiil  tu  auu  fr^m  the  brmlo 

^ICtlScles  and  Nerves  atv  not  aflTerteil  by  dilorofurm  or  ether  wlicn  in- 
r^Qtwhona  Iron's  mUHL*kA  is  cx{m8ed  Uy  wn  atmosphere  <if  either  of 
it  is  w^Akened,  ioses  its  hTitiibilitv  ami  pvontiisilty  passes  into  rijajor 
«  Ei^eiiineycr  ami  Biiehheia^  fntmd  that  the  rehixation  of  rmisele  after 
Wiis  somewhat  retardtjd  by  exposure  to  flilutu  vapor  of  chloro- 
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uf tiK  'Vatler  :i2U*  re^.trntly  shoii-D  that  wheo  a  frog's  ner^'^^^f  If^^re^.^ 
tiion.«iv*rm  t  r^iuer  va{>vr  in  weak  dilutiou,  ite  irritability  is  ^^  jjjf^^^^^y  ^ 
^ivu^  •  a^A^r.  Jtt  the  ocher  hand,  abolishes*  the  exciiabiJiiy  j^^pjf  ^hkhit 


:k     ;*ft«    *i  'filler,  generally  permanent!}'  in  that  of  chloTof^        ^^res  m 
uuvii    utr  riiurv  puwerfui  nerve  poiiion  of  the  two.     The  sensO^^^^f  r 
>;»»a   o   >*:  ttfeftiiyzed  rsouner  than  the  motor  when  chlorofonn  of     jj^r*'^ 


>«^V4    v    .^  ^'vukBti.j  ju%:\M.  ^^wucK   buau  njc  unjvug    vt  u<ru   cuiurviviu'  ^    ,      fief'*     

».:*u  »-■  .fc  uixtii  iierve  (Pereles  and  Hacks).  When  the  ^^^^^f^^aO^  ^^ 
•♦»;v.  >  jpt.»^u  u  ciher  solution  and  then  stimulated,  it  is  often  Vrje  i^^^ 
:K  !**.\*»4  ;iiiLs<'ies  i.-ontrai.-t  while  the  extensors  remain  flaccid.  ^'^  fC^^  " 
iv*.«u».*     uauai  exifcctJy  the  opposite  occurs.     A  somewhat  simile'*  ^ther 

^w  a  ^uuuiaciuiic  the  recurrent  larj'ngeal  ner\'e  of  the  dog  in  ^^  ^^s^  ^ 
»rt*^t>*>.  This  |>uzziiDs  obs5er\'ation  has  In-en  explained  by  Al^^^j^Hy 
s..t<  .;iK  K*  rii*-  nerve  tibres  to  the  extensor  muscles  Uing  more.«up^^^  ^t® 
.u**i  :K-  itKix  and  thus  being  acted  on  sooner  by  the  anaesthetic  -u^J* 
vK  w  siij^ix/iiij^  od'ects  of  ether  have  l)een  elicited  repeatedly  in  the  ^^'C^ 
><,*.>iox  V  »>  t^  <ulK*utaneous  injection,  and  have  occasionally  been  foll^ 
»ik    t«.uitu>  .iuU  peruiuuent  weakness. 

V  •w^n%»rui*fu  aud  ether  dissolve  the  Bed  Corpuscles  and  free  *'^ 
Ucu«v»i»ooiii  wheu  they  are  shaken  with  deiil)rinated  blood  outjiidetb^ 
>,v\,  uiJ  ohiuivtbrui  is  said  to  retard  the  reiJuction  of  oxy haemoglobin 
v^  o.iuiiii;^  a  lu^w*?  combination  with  it;  Da  Costa  holds  that  ether 
Auviiv  v^  k-stivy  the  red  cells  during  anaesthesia  and  advises  caution  io 
;;;<  uJUitUiSLititiou  iu  cases  in  which  a  diminution  in  their  numbers  may 
\  *  >viK»us  iui^vrt.  Apparently  chloroform,  when  absorbed,  exists 
isv  i>  xiiiif^lc  glutton  but  in  combination  with  the  cholesterin  and 
vs»:tKii   ^  -he  r^l  ivrpuscles. 

•;*K  v^Ksnn^  ^>I:  chloroform  and  ether  on  the  Pupil  present  some  varia- 
isv  J*  j^ift^i\'^tte  ^iwimals,  and,  indeed,  are  not  very  constant  in  man. 
\,^  ,%#*.«i\i>  ><jt5fcsi5iotory  explanation  of  their  mechanism  has  been 
,xiV^>>i:  (Bv  >v<.  i'V  dilatation  of  the  pupils  in  the  first  and  second  stages 
»x  uv*ts*>  ^W*>^^^U^"*'^^^"^  ^^  *'*^  general  excitement  and  anxiety,  and 
tv  *vM  NAtV^^^  ^^*'  ixmtraction  in  the  stage  of  unconsciousness  is  similar 
tss  I'Kj^i  N,v<ft  ^'^  HVAlund  sleep,  and  is  evidently  of  central  origin.  It  may 
vwKmv.  N*^  ><i  ?»<>NMulary  effect  of  the  dilatation  of  the  vessels  in  the  iris 
1  -^viK-tnttrV  ^^'^*'  dilatation  occurring  during  wakening  or  vomiting 
iv  v\  >iWlv  '»*^W>«'^i  k^'  **^®  ^^*"^  l)rocess  as  tliat  of  the  preliminary 
^^^^^^L  Jlrt^<  Ivfi^ri'  death  the  pupil  dilates,  and  this  may  perhaps  be 
AtwNKA^  tsN  1>H^  ortVvts  of  asphyxia  on  the  muscle  of  the  iris,  and  is 
^^  tVr>o«"h*^il^'  >H)w^rviHl  in  death  from  other  causes  that  it  cannot  be 
^>V!^nlkN<  i^^  ^  ^'i^'^  '^'*'"'*  ^^^'^^  chloroform. 

^N|^s  vrtiNXV^^^**  ^^^  *'^^  ^^^  occasionally  seen  during  anaesthesia  have 
u>^  NsMi  ovpl«^«^'*  "^'^^  dissociation  of  the  movements  is  believed  by 
iJ,\|VNV!«  <\^  imlu^i^to  a  preliminary  stimulation  and  subsequent  exhaus- 
•iou  ^f  <h*^  ^votiv^  for  their  co(*)rdination,  but  this  explanation  conflicts 
^^\x\^x\w  ^k^w«  «H>rr««nt  action 

'iM.^  L^x^l   i^flRvts^  of  the  aniestliotios  o 


Thi^  Kh\i1  oflt»ot!»  of  the  aniestliotios  on  the  Alimentary  Canal  and 

Resttin^tory  ?*«•*•••  ^^  confined  to  irritation  with  resultant  reflexes. 

Tl  UK  tho  l>n>^^'*^  8Ccrt»tion  of  saliva  and  of  mucus  is  due  to  the  irri- 

fnlhrn  iH^«!»»^»  inofonsod  activity  of  the  glands  refloxly,  and  can  be 

m^f^tnl  l>v  Atn>pin<^«     It  has  been  stated  that  the  bronchial  rhonchi 
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ttmy  to  ttspiratett  saliva,  but  this  is  iii€onvct,  as  thi'V  oi'i'ijr 


^t:1) 


tovyhloh  the  amestlietic  has  bet-n  given  througii  a  tracheal 


-*  irritation  is  muoh  greater  when  eimcentrat^Kl  ether  furaeii 
rt!  f'^'^^"  ^''^''"ary  chlorolbrin  aiiiestliesia. 

*  M  irriUtioD  may  explain  in  part  the  vomiting  which  Is  so 
^^  ^ture  of  aoffisthesiiu     The  irritant  vapors  reach  not  only  the 

' "i>UUi  the  sloraacli  with  the  mucus  swalluwcd,  and  irritiitiou 
B^niHse  jiart8  raay  \xA\  lead  to  reflex  vomiting.  But  similar 
■pt»p<usiniially  iodnced  by  other  methods  of  anaesthe.sia,  such 
ff'Us oxide,  in  which  loeal  irritation  can  play  no  part,  ^o  that 
J^^'wihly  some  ceutral  etieet  in  addition.  The  ordinary  move- 
p  stoniur:!]  aijil  intestine  do  not  seem  to  be  influenced  by 
to.,  t    J^"^  ^^*''^'"  'f  ^^  accompanied  by  asphyxia,  when  the  peri- 

^  itppturs  to  be  aifected  in  a  certain  proportion  of  c^xses 
^Ifi  V'^^^";^'^  ^'^  shown  by  the  ap])ea ranee  of  albumin  in  the 
.  ^itorni  iarhiee.4  ty[>ical  tatty  degeneration  occasionally, 
^ '^'i Ml uria  after  ether  has  been  ascribed  to  a  specific  vas- 
^  *  ^^P'  ^^^  proportion  of  cases  in  which  this  organ 
in  ^^  ^^^^  t'-^^truordinarily,  some  authorities  finding  albu- 
per  cent,  of  the  cases  where  cldoroforni  wits  used  ; 
^UH  detect  it  in  less  than  8  per  cent.  Most  surgeons 
^^>fira>  far  more  deleterious  to  the  kidney  than  ether. 
Catttractioasdiiriiig  parturition  seem  little  influenced  by 
^  ^thesia,  but  are  slowed  in  tlu;  dee|K.T  stages,  probably 
^iwesthetie^  lessen  the  irritability  of  the  spinal  eord, 
^t^d  ether  pu^s  into  the  fietal  I>lood,  and  some  experi- 
^rded  in  winch  the  fcetus  was  killed  by  the  inhalation, 
t^er  recovered.  This  may  be  caused  either  by  the  direct 
drug  on  tbe  young  animal,  or  by  the  low  maternal  blood- 
ing to  \i&  asphyxia.  It  docs  not  seem  dangerous  to  in- 
cite degree  of  ansesthesia  during  labor  in  human  beings, 
&,  too,  the  effeeti^  on  the  child  are  shown  by  au  increase  in 
excretion  in  the  urine  fi>r  some  days, 
arature  falls  during  amesthesia  of  even  short  duration, 
found  it  reduced  0*2-1,1*^  C.  when  chloroform  was  in- 
^miniit-e!',  and  a  fid  I  of  3— o°  C.  has  Ix'en  observed  during 
sthesia.  This  action  is  due  partly  to  the  greater  output 
bgh  the  dilated  skin  vessels^  but  mainly  to  a  lessened  heat 
>iii  the  diminished  musenlar  movement,  It  is  not  neees- 
therefore,  as  g«inie  writers  do,  that  the  amesthetics  lessen 
iictiou  l)y  their  direct  effects  on  the  tissues  in  general. 
jirs  a  good  deal  of  interest  has  been  manifested  in  the 
[atise^thetics  on  the  Metabolism  of  the  tisaues^and  it  is  now 
:)eiiized  that  chlortdbnn,  in  addition  to  its  action  on  the 
gs  system,  produces  markcil  changes  in  the  nutritive  proe- 
Mtoplasm.  The  simpler  organ  isms,  which  are  devoid  of 
acture,  are  killed  in  comparatively  dilute  s<jlutions,  and 
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clilomform  water,  therefore,  pre%"ent5  or  retards  puirefaction  and 
fermentation  of  yeasts.  It  seems  to  binder  the  act  ion  of  some 
ments,  such  as  i>epsin  and  reonet  ferment,  when  added  in  comparati' 
large  quantities*  but  increases  their  activity  in  greater  dilution.  PI 
eease  to  aj^imilate  curhonic  acid,  hut  are  not  killed  by  cldoi 
except  in  very  large  quantities.  In  the  higher  animals  and  tn 
evidences  of  an  alteration  in  the  proces^ses  of  life  and  nutrition  of 
difFerent  organs  have  also  been  discovered,  quite  apart  from  the  H 
on  the  nervous  system.  Thus  fatty  degeneration  ^  of  various  orgi 
pr4>duced  by  chloroform  administered  repeatedly  and  even  by  si 
inhalations  in  some  cases.  The  organs  implicated  in  this  change 
the  liver,  heart  and  kidneys  more  especially,  but  degeneration  of 
narv  muscle  has  als4>  been  observed  occasionally.  If  tliis  pi 
attains  a  certain  degree  of  development,  it  may  lead  to  failure  of^ 
heart,  but  otherwise  the  tissues  recover  in  the  course  of  a  few 
Traces  of  fatty  degeneration  have  been  observed  after  prolonged  _ 
narcosis  al&r>,  hut  they  are  so  shght  that  no  significance  attaches  (0 
them  from  a  practical  point  of  view  (St^lbach).  (iiven  in  snitll 
quantities  for  several  months,  chlorotorm  leads  to  atrophic  cirrhodl: 
of  the  liver,  and  to  a  less  extent  of  the  kidneys,  spleen  and  hmgs,tlii| 
cirrhotic  change  forming  a  sequel  to  a  preliminary  fatty  degeneration 
of  the  ivarenchyniatous  cells.  Sfune  jaundice  occasionally  occurs  after 
chlomform  anicsthesia*  and  in  one  case  acute  yellow  atrophy  of  the  ii\'€r 
seemed  to  be  induced  by  it.     Etiier  has  no  such  effect,     (Bandlen) 

Other  symptoms  of  disordered  nutrition  are  obtainetl  from  the  urine 
secreted  dn ring  and  after  the  adniinistmtion  of  chhiroform  either  by 
inhalation  or  by  the  stomach,  Tiie  nitrogcu  eliminated  is  considerably 
increased,  and  the  sulphur  shows  a  similar  angmeutation,  and  thes^ 
would  sfM?m  to  indic-ate  an  incrciist^l  destruction  of  nitrogenous  (pro- 
teid)  bodies  in  the  tissues.  In  the  normal  urine,  the  sulphur  a[)|K^r5 
partly  in  the  form  of  sulphates,  partly  in  forms  in  which  it  lias  llnde^ 
gon  e  less  ct » m  p  1  et e  o  x  i  1 1  at  i  on .  A  f te  r  < *  1 1 1  o  ro  fn  r ra  t  he  p  ro  po  r  t  i  o  n  < if  t he^ 
ooDStituents  is  clianged,  the  unoxidized  soIj>hur  forming  a  ranch  larger 
part  of  the  total  tliau  nornially,  and  apparently  (X^curriufi  in  a  substance 
nearly  all i€Hl  to  cvstin,  (Ivast  and  Mester.)  This  indicates  that  while 
the  breaking  up  of  the  nitrogi*nons  tissues  is  greater  than  norinalt 
the  oxidation  is  not  so  j)erfec*t,  and  another  fact  pointing  in  the  !«am^ 
direction  is  the  not  infrequent  oeeiirrence  or  acetone  in  the  urine  and 
breath  and  of  glycosuria.  (Becker.)  It  has  long  been  recognixed  tlmt 
dial»i?tes  is  liable  to  l>e  aggravated  by  chloroform  antesthesia,  and 
some  fatalities  after  chloroform  seem  (hie  to  this  action.  The  supir 
of  the  blofxl  has  been  found  to  l>e  increased,  and  the  glycogen  of  the 
liver  is  diminished  or  entirely  absent  after  chlor<*form  ;  this  is,  ac- 
cx>rding  to  Paton,  the  effect  of  a  specific  action  on  the  liver  cells,  which 
form  glycogen  into  sugar  much  more  rapidly  than  nsnal  ;  ether  has  ^ 
very  much  less  jwwerfnl  action  on  them.    Bile  pigment  is  said  tooccut" 

*  The  same  divergeut  views  are  WU!  in  r^^unl  to  the  nature  of  thb  '*  degeneration 
■»  in  tiie  case  of  phosph^rui*,  to  the  ehupter  on  which  the  readt;r  is  referred. 
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3  in  a  considerable  number  of  cases  of  anaesthesia  with 
nfomi,  especially  one  or  two  days  aft^r  the  administration.  The 
Bid  of  the  urine  i&  augmented. 

Wt  effects  of  chloroftjrm  on  the  metabolism  resemble  very  closely 

■of  phosphorus  poisoning,  and  have,  like  them,  been  ascribeil  to 

rmatiun   of  acid  in  excess  in   the  tissues*     They  seem  to  occur 

ifter  those  suf>stanccs  of  the  fatty  series  in  which  chlorine  is  sub- 

IkI,  ether  having  little  or  no  etfect  in  pivKhieinjj^  fatty  degeneration 

changing  the  propnrtion  of  the  sulpluir  compounds  in  tlie  urine. 

Unbution  in  the  Body.  —  When  chloroform  or  ether  is  absorbe<l 

the  lungs,  it  is  carrier  1  all  over  the  btnly  by  the  blood,  but  is  not 

ly  distributed  throot;bont  the  tissues.     It  has  been  mentione<l 

iy  that  a  loose  cojubination   exists  between  clilorofnrm  and  the 

lio  and  eholesterin  of  tiie  red  cells,  and  it  was  to  be  anticipated 

|bo9e  organs  which  are  richer  in  these  constitnents  would  contain 

r  qttantities  of  the  drug.     As  a  matter  of  fact,  both  ehlornform 

fttber  are  found  in  hirger  quantities  in  the  hmin  than  in  the  bluod, 

!  or  muscles,  w^hieli  is  in  con  form  ity  w^ith  the  theory  of  Meyer  and 

rton  regarding  the  causation  of  narcosis  (page  12H), 

le  Excretion  of  both  ether  and  clilori>forrii  takes  place  mainly  by 

htngs.     Whenever  tlie  partial  pressure  of  tlie  vapor  in  the  alveoli 

^aSieiently  for  below  tliat  in  the  blood  to  loosen  tlR*  combiuatifm 

im  the  anaesthetics  and  the  constituents  of  the  blotKl,  the  drug 

m  back  into  the  alveoli,  and  thence  jmsses  into  the  air.     Most  of 

tn^e-^thetic  is  eliminated  very  rapidly,  but  traces  of  cliloroform  are 

IQ  be  found  in  tlie  breath  for  24  h*nirs  after  the  iuliahition  and 

I  lunger  in  eases  in  which  tiiere  is  a  tenacious  muctius  secretion  fnmi 
IbroQchi.  As  far  as  is  known  this  is  tlie  only  way  in  which  ether 
licreted,  but  small  cpiantities  of  chloroform  esea|>e  by  other  channels, 

it  lias  been  fanud  in  the  urine,  and  is  said  to  oreur  in  the  perspira- 
laod  the  milk.  Some  of  the  chlorotbrrn  inh:dc*d  seems  to  undergo 
ibustion  in  the  body,  for  Kast  fuuud  the  clilnridr's  of  the  urine  con- 
inbly  increased  after  its  inliahition/  The  acidity  of  the  urine  is 
\  augmented,  owing  to  the  hydrocldoric  acid  formed  by  the  com- 
lion.  Bongers  has  found  traces  of  ehlornform  in  the  stomacii  after 
l«lx:utane«  uis  i  n  jecti<  >n , 

Hfferftttces  Between  OMoroform  and  Ether.  —  Ether  and  chloroform 
Rnble  each  other  closely  in  ttif  ir  general  effects,  but  differ  in  certain 
nti  <if  inip«»rtance.     Tluis  ethtr  has  a  much  weaker  narcotic  actitm 

II  c!»loroforra»  for  Spenzer  found  that  1  .o-2.o  volumes  per  cent,  of 
l^vapir  in  air  produced  only  incomplete  aniestliesia,  thnt  ^3-3,0  per 
1  iuduced  narcosis  in  25,  and  4.5  per  cent,  in  lo  minutes,  while  0 
'  cent,  stopped  the  respiratiou  within  ten   minutes;  Rosenfehl  ob- 

roiied  no  narcosis  w^ith  Co— (K7  volume  per  cent,  of  cldorofc»rni»  fM>m- 
Itle  narcosis  w*ith  1  per  cent,  only  after  80—45  minutes,  and  respira- 
«tao(lstill  with  1,5  per  cent,  in  the  course  of  |— 2  hours  after  the 

h  ii!  ntate*!    that    chloroform    in   the  course  of   i(>*  dewtniction   forms   traces   of 
oionoxide,  whiciv  may  be  recognized  in  the  expired  air. 
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inliahitioti  ajmnieiuxnl.'     So  that  chloroform  is  alH>yt  •3-3}  times  m\ 
pre^sant  to  the  central  nervous  system  a.s  etlier^  wliile,  on  the  other  h$ 
itH  action  on  the  heart  is  3fi— 48  times  as  greiit  :ls  tliat  of  ether.      Et| 
has  to  he  given  in  more  eoneeiitnitecl  ihnn  to  procluee  ansEstliesia»  s 
tfjerefore,  produces  more  irritation  of  the  air  passages,  as  shown  by  I 
greater  secretion  of  saliva  and  mneu8,  hy  coughing,  ant!  In*  tlic  sensatl 
o f  as |)  1  ly  X i a .     D rese r  h as  s ho \v n ,  ho w e ver ,  t h a t  i  f  a i  r  co  ti  t ji i  n  i  ng  I esis  tt 
6  per  cent,  of  ether  he  inhahnl,  this  irritation  and  leehiig  of  MifTneatl 
is  not  very  marked.      Atuesthesia  is  produced  with  greater  ditficiijj 
tiiore  slowly  and  often  less  [KTfeetly  than  with  ehlurotcirm,  and 
stage  of  excitement  is  generally  more  violent  antl  prolonged.      But  1 
pulse  is  not  nearly  so  much  affected  as  liy  chhu'ofbrm  ;   it  may 
sfMiiewhat  slower  than  usual,  hut  is  lull  and  strong.     The  ooneeDt 
til  HI  of  chloroform  which  is  necessary  to  produce  aniesthesia  is  \*| 
close  to   the  concentration   which   causes   serious   im|mirment   of 
heart's  action,  while,  on  the  other  hand,  oi  percent,  ether  vapor  issu 
cient  lo  cause  narcosis^  but  a  very  much  stronger  concentration  h\ 
quired    to  cause  a  ilangerous  condition    of  the   heart.      In    the 
way  the  diifcTence  in    the   concentration   required   to   produce  an« 
thesia  and  tluit  which  will  stop  the  respiration  is  very  much  Bmdierl 
cldor<jform  tlian  in  ether,  and  the  anaesthetist  lias  thus   more  lee\i 
wdien    he   uses  the   latter.     The  changes  in  tlie  mctiiholism   foilowid 
the  use  of  chlortiform  are  not  produee<l  to  the  same  extent^  if  at  al],|i 
ether. 

Regarding  the  Choice  of  an  Anaesthetic  it  must  l>e  said  that  each  1 
its  advantiiges,  but  that  ether  is  less  liable  to  cause  danj^erous  syi 
tom8  than  chloroform,  and  ought,  there li>rc,  to  be  useit  wherever  sjx 
circumstances  do  not  indicate  the  latter.  Chhmifiu'm  is  always  pfi 
ferred  by  the  patient,  for  it  causes  less  irritation  and  le.ss  feeling  of  su 
foc^ation^  and  it  is  often  preferred  by  the  surgeon  because  it  induces i 
sesthesia  snoner  and  less  of  it  is  required.  In  eases  w  here  excitemenl 
IS  to  be  avoided  as  much  as  prjssible,  or  in  which  a  very  deep  aniie^thefeia 
with  complete  muscular  relaxation  is  required,  and  in  irritable  condi- 
tions of  the  air  i>assages»  chloroform  ought  to  be  used  rather  than  eth 
I  n  tl  1  e  case  o f  d  r n  n  k a r d s ,  e 1 1  ve r  some t i  m es  fa i  1  s  t o  i  n d  i ice  d ee p  a n lestJ 
si  a,  and  in  very  hot  climates  aniesthesia  with  ether  may  be  difficult! 
unpleasant  to  induce  owing  to  its  rapid  evaporation,  so  that  in  these 
cases  cldoroffirm  may  be  necessary.  Lastly,  where  artificial  lights  are 
necessiiry  (except  the  electric  incandescent),  or  w^hcre  the  actual  cautery 
is  to  be  use<h  ether  is  dangerous  on  account  of  its  iuHammabilitv,  and 
chloroform  is  indicated.  On  the  other  hand,  chloroform  is  s[>eciallv  con- 
traindicated  in  cases  of  fatty  change  of  the  heart  and  in  ivnal  disease. 
The  disadvantage-8  of  both  anaesthetics  may  often  he  avoided  byln*-^ 
aucing  unconsciousness  by  chloroform  and  prolonging  it  bv  smalE 
quantities  of  ether.  The  effects  of  the  prolonged  use  of  chlorotbrii^- 
are  avoided  in  this  way,  and  at  the  same  time  the  excitement  is  le 
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'Other  inTesti^tors  have  foum!  dtfTerentiil*ftohiti?  raluew  from  these,  but  the  relativ^^ 
Strength  of  ether  and  chlurofonn  is  getierully  liehi  to  Im*  about  J  to  3.      ^  Morii«jrtjai]n,  3 
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passages 
con<*eTitnitetl  ether  vapor. 
ItkiAbe^D  fiiuod  thatamesthcsia  either  byclilurufurm  or  other  roiliioes 
Wft  ilsistaDc^  ofTered  by  the  organ isra  to  the  invasion  of  patljogenio 
^^JMibms,  Thas  normal  fro^s  and  rats  possess  a  high  dogn'e  of 
muinitv  to  anthrax  infe*^tion,  hut  beeame  snscejitiiile  to  it  if  sulyeeted 
to  a  short  anjestliesia  hi  fore  inwnihitkm* 

TV*  Ihuifers  of  Anaesthesia  are  cauf^wl  only  in  part  by  the  direct 
wtioti  of  the  ether  or  chlomfornxj  for  fatal  accidents  have  oeeurred 
""wa  objectii  surh  as  false  teeth  or  tobacco  plu^  falling  into  the  air 
|tM|^aml  causing  asphyxia,  while  vomited  matter  has  In-en  drawn 
Wto  the  larynx  in  ^jme  eases.  Very  often  the  relaxation  of  its 
vmdo  pi^rmit^  the  t^^gne  to  fait  buck  iuto  the  throat,  rendering  the 
»w*tWtj^  labored  and  stertorous ;  this  is  at  onc42  relieved  wlien  tlie 
^p«*  iff  drawn  forward.  The  accnnuilation  of  saliva  and  niiieus,  or 
Uanl'^n  f^p  throat  may  lead  to  similar  symptoms.  In  thene  accidents 
^^  111  or  ether  is  only  indirectly  the  cause,  but  in  a  large  and 

t  „  ;njj  ruiinber  of  case^,  the  fatal  effects  must  be  ascriljcd  to 

tlie  dinf  t  action  of  the  aniestheties.     The  pn  ipo  rt  ion  of  aceideu  ts  d  t j  ri  ng 
inr<h(sia  id  very  difficult  to  estimate,  and  great  diserrpanclcs  fKH'tir  in 
ikf  staliKtics  of  different  surgeons.     Thus,  in  one  of  the  London  hos- 
pitok  one  death  fMvurred  from  chloroform  in  l/2r><j  casesof  amcsthe^ia  j 
/m/iini  ^'iv<^  one  in  3,258,  MeGuire  one  in  15,0<M|,  as  the  pmiMirtion 
^£it»!itieB,  while  Lawrie  gives  a  series  of  over  40,000  canes  without 
i*iti^  c/e«th,     A  fair  average  would  se^^m  to  be  one  death  in  *J/)00 
r!fhn>f^trm   lohalation^*     The  {^itatistics  of  ether  fatalities  also   vary 
leath  iti  3,000  to  one  in   1G,000  case^,  but  pnitmbly  one  in 
r<i    -'-i^'^OOO  cases  would  represent  the  average  mortality/ 

ivrt-  f»nL»Iongcd  discussion  as  to  the  Cause  af  Death  in  these  cases 
/  t  rritH J  on^  and  even  now  there  ciinnot   be  said   to  be  any 

f*  •'pillion  on  the  subject,  A  fatality  may  tx?eur  practically 
jfiJ9^^  oT  the  anfBsthesia,  and  the  accounts  of  its  on»et  and  Rynip- 
-»*--^  ^Jc-f-r     »      \-^     ii,  the  raajoritv  of  cases  it  is  stated  that  the 


/\<- 


,ire<l,  and  the  breathing  cither  ccas^'d  at  the  same 

^*^  .r»Fr<*i'  ^,t,^,  tip  two  weak  inspirations.     In  others  the  rr»*pi- 

'"**^^*^^^1     to  have  ceased  before  the  pulse,  and  in  several  the 

^^^^-^Mi^i   l^  f^jt  or  heard  after  the  pulse  c^sasKih     The  evideoce 

^  *    ^i^sfesifaetist  is,  however,  of  doubtful  value,  a*  an  nrrid^nt 

^^     ^^^^^tliaiids  prompt  natures,  and  no  great  attention  can  be 

"^  ^^^^<^  order  in  which  the  phemmiena  occur.     In  addition, 

•  *^L?-  that  a  certain  amount  of  cul|iabiHtTaUcoda  A  fiitaiity 

^  __i'  of  the  respiration,  aod  a  tendfim^  existtf  ciynw- 

'  *    ■  *  »<^  it  tn  h*-art  failure  when  tbej«  h  WBf  ttoeertAintjr. 

_  -  ^f  ax  peri  menu  with  chlora&rai  hare  been  tmrnm  oul 

\^^^     somewhat  varying  restilla.     Il  wan  fbrmerly  ilal«d 

^^  *^  t    oceur  in  the  coamieiioaneiii  of  UMtlusNa  tbmiifcli 


«tmtistloi  of  3S^000 


tbroiigli 
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tTtKst  of  tbe  r€?spi ration  and  of  the  lieiirt-boat  bet'omes  sliorter. 
Jlr,  wliea  air  saturdted  witli  vapor  is  inhaled,  tlie  interval  between 
Ivo  15  :>f>  sliort  a^  to  he  inaiipreciuhle  (Fig-.  12).  Wlieo  eoneen- 
id  vapi3r  of  either  chlorolonn  or  ether  Is  inhaled,  the  |mUe  may 
)  weak  as  to  be  no  longer  perceptible  before  the  respiration 
9,  «nd  the  aofe^theti^t,  therefore,  believes  that  heart  failure  has 
the  cau*ie  of  death,  but  if  the  movements  of  the  heart  be  regis- 
JcbrecTtly,  it  is  found  beatin^^as  louf^  as  tlio  re.spiratory  niovernents 
Carried  on.  The  importance  of  tlie  contJition  of  the  heart  is  fur- 
shown  by  the  results  of  attempts  to  re.«uscitate  the  animal  after 
Pfspinitioti  has  ceased  ;  for  if  artificial  respiration  be  com  in  e  need  at 
the  animal  can  invariably  be  restored  to  life,  provided  the  heart 
bnt  been  weakened  too  much ;    but   if  concentrat^^d  vapors  have 
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Fig.  12. 


»f  the  heart  at  t]w  fftllure  of  rr*|itratlofl  from  uii  nunpHthetic  (chlnro- 

reiiplnuory  movomrni-A,  which  <r«?aAe  Tofy  cmrJy  in  Ihc  Iracmg,  I( 

poiiit  if  thti  anje»tht'tic  vapor  Uha  iNeeti  aiiich  Jilntcd  with  air,  ^If 

r  ojnccnlrated,  oud  A'  if  siaturaled,    TUt?  heart  pif  lsatlt>iiii  are  recorded 


Bi  inhaled,  the  heart  h  nnable  to  carry  on  the  circulation,  and  tlic 

Emal  cannot  be  resuscitated. 

Hill  \\m  n*cently  .^tatetl  that  when   concentrated  vajior  is  inhaled, 

heart  may  sometimes  ct^asc  before  tlie  respiration,  which  is  finally 
tAljrzed  in  part  liv  the  direct  action  of  the  drug,  but  mainly  by  the 
limii  caused  by  the  fall  of  blood-pressure.  But  almost  all  the  exact 
Bppriments  of  the  last  few  years  show  tliat  the  respiratitiu  fails  before 
le  Wrt,  It  is  quite  true  that  the  medullary  tx'utres  may  suffer  from 
leaniemia  as  well  as  from  the  direct  action  of  ehlornform,  btit  the 
ftiTt  always  continncs  to  beat  as  long  as  the  breathing  is  maintaincti, 
IhI,  save  in  except iaual  circumstances,  for  some  time  longer. 

Fn>m  a  practical  point  of  view,  it  is  of  cnmparatively  little  impor- 
moe  whether  there  are  a  few  Htittering  beats  {»f  the  heart  after  the 
>^t  inspiration  or  not.  The  all -important  question  is  whether  the 
^rt  hns  l)een  so  injured  as  to  be  nnable  to  carry  on  the  circulation^ 

A  this  is  decided  by  the  conceutratiiin  of  the  vapor  that  has  been  in- 
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iialed.  It  has  Ix-en  iiU'iitiuiuHl  ah^iuly  tfmt  ether  acts  very  niuob  less 
on  the  heart  tlian  chloi'niijnn,  atiil  tlils  h  really  tlie  reason  why  ether 
is  so  much  tlie  safer  anaesthetic.  Even  when  dilute  vapor  of  c4iloro- 
form  iis  inhaled,  the  heart  is  considerably  injured  when  the  rei^piration 
C5eases,  while  unless  very  concentrated  ether  fumes  he  inhaled^  the 
weakness  of  the  heart  is  very  niueh  less. 

The  autopsy  in  eases  of  death  by  ehloroform  or  ether  shows  no  spe- 
cific lesions.  The  lilood  is  often  dark  cohered  from  the  asphyxia,  and 
the  heart  is  found  dilated.  Irritation  of  the  respiratory  passages  may 
be  present  in  ether  piisoujug,  and  the  odor  of  the  anaesthetic  may  be 
recognized  in  the  ilitlerent  organs.  Mieroseopie  examination  may 
show  some  alterations  in  tlic  cells  of  the  respiratory  centre  and  cardiac 
ganglia,  fragmentation  of  the  heart  muscle,  and  some  degeneration  of 
the  liver,  kidneys,  spleen  and  heart  after  elilomform  (Poroscliin). 

Apparatus  and  Principles.  —  The  principles  on  which  the  safe  pro- 
duction of  anaesthesia  is  based,  then,  are  eoniparatively  simple,  but 
^ their  inter pretatiim  into  practice  lias  given  rise  to  various  methods. 
A  large  number  of  inhalers  have  been  introduced  with  the  object 
of  permitting  of  only  a  certain  degree  of  concentration  of  the  va^K>rs. 
]Jut  the  great  majority  of  these  are  entirely  erroneous  in  prineij)le, 
the  concentration  uf  the  vapor  being  determined  by  the  character 
of  the  respinition  of  the  patient,  and  the  number  of  accidents  has  not 
been  a])preeiably  reduced  by  their  use.  In  one  of  thesCj  the  amount 
of  oxygen  available  for  respiration  was  found  to  be  reduced  to  5  per 
wot.,  while  the  carbonic  acicl  had  risen  to  7,8  per  cent,  after  two  min- 
utes' respiration,  Tliis  mixture  of  gases  is  insufficient  to  supjxirt  the 
combustion  of  a  c;indle,  and  is  very  near  that  which  is  immediately 
fatal  to  animal  life.  In  another  the  conceutratiou  of  the  vapru'  was 
found  10  vary  between  1.2  and  M\A  volumes  per  cent.  An  apparatus 
has  recxMitly  beeji  eunstnicted  by  Dreser  on  airrect  prineipU^s,  which 
allows  of  an  exact  gradatiiin  in  the  strength  of  the  va}>or  inhaled,  but 
it  19  exceedingly  cumbrous,  and  while  it  might  be  used  in  hospitals,  is 
eertaiidy  not  available  for  ordinary  pi*a<'tice.  Tlie  advantage  of  this 
principle  of  measui*ing  the  concentration  of  the  vapors  is  further 
imly  relative,  for  it  has  been  shown  that  vapors  so  dilute  as  to 
he  absolutely  safe  do  not  induce  amesthesia  within  a  reasonable 
time*  Thus  1  j>er  cent,  chloroform  seems  to  be  absolutely  safe, 
but  no  surgeiiu  will  wait  i  — |  hr.  for  the  anajsthctist.  To  induce 
anjEsthesia,  then-fore,  va(>urs  have  to  be  used,  which  would  in  time 
be  fatal,  and  only  after  the  reflexes  disappear,  is  it  possible  to 
reduce  the  cnneentration  to  the  point  of  absolute  safety.  The 
responsibility  of  tlie  amesthelist  is,  therefore,  lessened,  but  by  no 
means  entirely  remuved  by  tliese  metliods.  In  the  vast  majority  of 
cases,  liuwever,  much  simpler  apparatus  is  used,  and  the  t*nlinary  mask 
or  towel  on  which  the  amesthetic  is  poured  is  not  responsible  for  a 
larger  pro]>orlion  4)f  accidents  than  the  moi^e  complicated  f^rms  of  ap- 
paratus. When  no  inhaler  is  used,  the  amestliclist  attempts  to  n-gulate 
the  concentration  of  the  va[>or  according  to  the  symptoms,  and  this  can 
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\tt  done  witli  oomplete  t^iiccess  by  watching  the  respiration  closely.     If 

ilhit  brraihtug  Iw  shallow,  much  less  coiicentmtetl  vapor  is  iiilmlcnl  into 

'At?  alvi!oli  than  if  it  be  deep  uiul  gjisping,  for  in  ortliivary  respiration 

r  in  the  ssiiiiiller  hroneliioles  imJ  alveoli  is  not  exehanged  directly 

^rery   rei!*piration,  hut  only  by  a   process  of  ditl'usion  fnuu  the 

'  air  pa'isag*^.     The  deeper  tlie  respiration,  however,  tiie  further 

,'H>or   penetrate  and    the  lower  the  eoiiceutration  neeiletl  to 

:ie  ijuanlity  in  the   bloorh      An   ex]>eriem'ed  aui^esthetist,  by 

ling  the   respiration,  removing  the  mask  during  deep  breatliing 

«na  repladiig  it  when  it  becomes   steady,  c^an   regulate  with  suffitnent 

I  iiioe(y  tbe  concentration   of  the  auiesthetic  in  the  alveoli  and  thereby 

tip  i|riititity  in  the  bl'Mxh      When  auie-^theriia  has  been  attatnetl,  he  of 

'^  ii'iMHMise!?  the  adrtiini^tration  until  the  return  of  the  reHexe.s  indieate^ 

1  ^  kL'oing  oonsctousaes8,  and  even  then  applies  nuieh  smaller  quantities 

were  necessary  at  first.     Thi.s  method  of  indueiiig  ame^sthesia  re- 

the  antesthetist  to  watch  only  the  respiration  and   the  reflexes, 

is  that  advij^cd  by  Simpson  autl  his  flillosver.^  (see  Hvderaha<l  Com- ^ 

bm  Report),     A  further  safeguard  hiLs  been  sought  for  in  the  eon- 

ditirto  of  the  pulse,  and  tins   would  seem  the  natural  eonsequen<x^  of 

»bt  h«\*  lieen  stated  above  as  to  tlie  importance  of  tlie  condition  of 

4f  h«?art*     The  pnl^,  fmwever,  is   not  very   reliable  as  a  guide    in 

aae^iht^ia,  for  in  the  second  stage,  in  wljich  a  certain  nunil>er  of  fatal - 

ilitft  0(y:ur,  it  is  ipn^^keued  hy  the  exeitement  and  may  be  irregular,  and 

uolrgiveH  indications  of  danger  when  it  is  too  late  to  take  measures  to 

"\      In   the  third  stage  it  uyav  beLX>me  gradnally  weaker,  and 

<iXe  approaching  daugfT,  but   if  the   respiration   be  watched 

iHf  warning  is  given  earlier,     A   large  number  of  anaesthetists  advise, 

•ifttwer,  that  pulse  and   respiration  both   lie  watcfied,  and  this  would 

smnto  be  the  safest  method,  provided  always  that  the  ariicsthetist  d<H2s 

BiA  depend  on  the  pulse  too  much  for  indications  of  danger,  and  does 

not  illov  it  to  distract  his  atteution  from  the  more  important  indica- 

iw  given  by  the  respiration. 

Ftelimiiiary  Examinatioii*  —  Before  aniesthesia,  a  careful  examination 
wkl  he  made  of  the  er*ndition  of  the  patietit,  surd  if  there  is  great 
wriety  and  excitement,  a  hyjioderuiie  injectinn  of  morj>hine  maybe 
}pv*»n  beforehand,  or  cidoral  may  be  prescribed,  l>ut  tliese  arc  rarely 
'wsesGinr,  Valvuhir  disease  of  the  heart  does  not  contraindicate  an 
■fflttlhctic  unleis  there  are  marked  symptoms  of  inefhciency,  such  as 
'l'^|i«y  or  cedema.  In  fatty  dis^-ase  of  tlie  heart,  on  tlic  other  hand, 
AwoJiinD  Ls  to  lie  avoided,  and  If  it  sceins  extensive,  etlicr  is  also 
dsogemiis  from  the  strain  put  on  the  circidatiou  during  the  cxcitemeut. 
^Morofiirm  i^  liable  to  induce  fatty  degeneration  of  the  heart,  and  for 
^nisresison  it  would  not  seem  advisable  to  use  it  in  successive  operations 
^tlw^amc  patient,  Atheromat^jus  arteries  are  dangerous  from  the 
|Pnd<ii(5y  to  apoplexy  during  tlie  seeoml  sti^gc  also,  and  if  amesthesia 
iiabiolutely  necessary^  an  opiate  ought  to  h\'  given  previously,  Anms- 
P^i^  mid  to  be  clangerous  in  cases  of  brain  tumor,  and  this  may 
P'^Wy  arise  from  the  fnigility  of  the  vessels.     In  cases  of  l>ronchitis 
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and  catarrh  of  the  air  passages,  chloroform  is  to  be  preferred  to  ( 
us  it  is  less  irritating,  while  in  Bright's  disease  chloroform  is  gene 
more  injunoiis  tlian  ether  from  the  resultiint  alhiiiuiniiriu  and  teiid| 
to  fatty  ih'generatiun  altbongli  ether  is  also  believed  by  many  to  dig 
the  renal   functicms.      Advanced   diabttes  enntraindicates  aniestfc 
the  sugar  increasing  in  the  urine  afterwards  and  coma  and  death 
times  supervening  in  the  course  of  a  few  days.     Da  Costa  reoomni| 
that  where  there  are  symptoms  of  anremia,  an  examination  of  tlie  \i 
should  l>e  made  before  anicsthcsia,  and  states  that  where  tlie  ha 
glol>in  is  found  to  be  deficjent,  great  care  is  necessary  and  that  wl 
it  is  lower  than  50  per  cent,  of  the  normal,  an  anaesthetic  is  con 
indicated. 

Practical  Anseatiiesia.  —  Tlie  patient  should  have  a  light,  easily 5 
gested  meat  2-4  hours  before,  si>  that  the  stomach  may  be  empty  i 
vomiting  avoided  as  far  as  possible.  The  Ixnvels  shoidd  also  be 
latetl  the  day  liefore  for  the  same  reason.  He  should  then  be  laid 
^  a  table  of  suitable  height  with  a  low  pillow^  and  slioulil  remove 
teeth  and  any  other  foreign  ol)ject  from  the  moutli.  Tlie  elottii 
alKitit  the  neck,  chest  and  alxlomen  is  to  be  hiosened  or  removed 
allow  of  perfectly  free  respiration,  but  warm  bhuikets  or  warm 
should  be  applied  as  for  as  possible  to  prevent  the  fall  of  temperati 
if  the  (operation  is  likely  t<i  l>e  a  hnig  one.  The  eyes  are  elosedj 
order  to  protect  the  conjunctiva  from  the  irritating  vapor, 
aniesthetic  is  tlien  applied  on  a  towel  or  on  a  ma^sk,  which  ought 
be  freely  permeable  by  the  air,  and  ought  not  to  lit  closely  to  the  1 
It  must  be  remembered  that  the  air  passes  through  clotli  with  niu 
gn-ater  diiliculty  when  it  is  wet  by  the  saliva  and  mucus,  and  that  a 
mask  which  is  freely  permeable  at  the  commencement  of  an  operalitm, 
may  lead  to  asphyxia  after  it  lias  been  soaked  during  the  first  and 
s(K'ond  stages.  The  patient  is  instructed  to  breathe  as  regularly  aa 
possil>h\  or  to  count  from  one  upwards,  and  some  of  the  anaesthetic  is 
dni]>ped  on  the  mask.  If  the  breath  be  held,  the  mask  should  be 
raised  a  little  from  the  face,  as  the  next  inspiration  will  be  a  very  deep 
one.  During  the  excitement  stage  the  respiration  is  irregular,  aud 
great  care  ninst  be  taken  to  avoid  the  inhalation  of  too  Cfju  cent  rated 
va[»<H\  As  soon  as  the  cYjnjimetival  reflex  disappctirs,  the  mask  is  re- 
niovetl,  and  is  replaced  only  w^hen  it  reappears  or  when  the  fjatient 
evinces  signs  of  pain.  Throughout  the  anaesthesia,  care  must  be  taken 
to  prevent  any  interference  w^ith  tlie  respiration  by  the  operator  Icaa- 
itiir  on  tlie  thorax  or  abdomen.  Very  often  stertorous  respiration  seta 
in  from  the  tongue  falling  back  into  tlie  throat,  aud  this  has  to  be 
remedied  by  pressing  forw^ard  the  angle  of  the  jaw,  or  if  this  is  Dot 
sufficient,  by  pulling  ont  the  tongue  with  a  blunt-pointed  forceps- 
.Vomiting  is  a  very  common  occurrence  in  ansesthesia,  and  when  it  §ets 
in,  tht^  head  is  turned  to  one  side  and  the  vomited  matter  removed 
with  a  sponge. 

A  more  serious  accident  is  the  failure  of  the  respiration.     A  reflex 
arrest  often  occurs  in  the  first  stage,  but  is  not  of  importance  in  itaclff 
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ly  (tom  the  deep  gasping  inspiraticjii  which  fullovvti  iL     If  the 

ic  be  given  too  long  in  concentrated  form,  liowever,  the  res- 

faiU  from  direct  action  im  the  centre,  and  this  demands  ira- 

atti?ation.     The  head  ought  to  be  h>wereJ  at  onee,  and  the 

elevated,  in  order  to  drive  the  blood  to  the  head  as  far  as 

and  thus  remedy  the  aniemia  of  the  brain  from  the  weakness  of 

beart  that  accompanies  the  cessation  of  tfie  respiration.     The  epi- 

niik^t  be  raised  by  pressing  forward  the  angles  of  the  jaw  (Hare), 

bv*  dragging  forward  the  base  of  the  tongue  witli   hook  or  finger, 

tl   respiration  in  one  or  other  form  ought  to  be  commenced  at 

HT,  and  carried  on  as  long  as  is  necessary  ;  a  large  number  of  methods 

Hkerforming  artificial  respiration   have  been  propor^ed,  liut  they  oxm 

B^  \w  taught  in  a  practical  class  and  need  not  be  entered  upon  here. 

PKbe  pulsie  IB  weak,  intermittent  pressure  over  the  heart  may  aid  it  in 

dfiying  on  the  circulation,  and  it  has  been  proposed  to  pa^ss  one  hand 

!  rthe  ribs,  and  then  press  the  hrart  between  the  two  hands  and 

I  exi>elliDg  its  contents.      If  the  lieurt  stivps  at  this  stage,  thrre   ^ 

hope  of   reviving   the  )>atient,   aithougli    this    can  often    be 

.s...  ..;  animals  by  kneading  the  heart  Ix'tween  the  two  hands.     Various 

NJmgs  have  been  recommended  in  tliese  cases,  but  it  is  exceedingly 

qoestionable  whether  they  are  really  of  service;  alcohol,  ammonia  and 

|»  ethi'fhave  beeo  injected  subcutaneously,  and  may  cnneeivably  cause  such 

Ws\  irritation  as  to  reinstate  the  rcs|>iration  retlexly,  aithougli  this  is 

riapmhable.    Strychnine,  CtiBeine  and  atro|>ine  have  been  injected  as  rea- 

pinuory  stimidanLs,  and  digitalis  tostreuglhen  the  heart  contraction  ;  as 

Ltterof  facU  however,  if  the  circulation  is  strong  enough  to  aiusc  the 

irptiou  of  these  drugs  and  carry  them  to  tlie  respiratory  centre  and 

h«irt,  the  patient  will  recover  with  the  artiticial  respiration  alone, 

lile  on  the  other  hand,  they  are  of  no  value  unless  absorbed.     Nitrite 

ms\  is  often  given  by  inhalation  in  cases  i^f  accident,  but  the  blood- 

lire  18  so  low  already  that  there  really  seems  no  advantage  m  re- 

log  it  farther,  and  aniyl  nitrite  can  have  no  other  action.     On  the 

\  it  seems  raore  than  questionable  whether  drugs  should  be  used 

til  in  accidents  during  amesthesia. 

'       Itt  the  course  of  very  long  opera tiouii  it  is  recommended  to  allow 

fctfn^  patient  to  almost  recover  consciousness  at  intervals,  but  this  is  often 

|Pt]|)f>sgib!e  without  interfering  with   the  course  of  tlie  operation.      It 

fBM  be  reraerabered  that  in  prolonged  aniesthesia  cx>mparatively  small 

'l^intities  are  required  to  maintain   unconsciousness  when  it  is  once 

i>>mpletiely  reached,  and  at  the  same  time  tliat,  owing  to  the  fall  of  tem- 

P^i^ture  and  tlie  prolonged  action  of  the  drng^  the  r[nantity  neces.*ary 

^^'prrduoe  L-essation  td"  the  respiration  and  the  heart  is  much  smaller 

than  during  shorter  operations.     In  order  to  induce  anaesthesia  within 

^  t^*4tmable  time,  comparatively  strong  vajror  may  be  used  at  tirst,, 

l^^tas^ouas  unccmscionsness  is  reached,  the  vapor  ought  to  be  diluted 

**  Crisis  c*jmparible  with  the  continuation  of  the  narcosis. 

On  the  completion  of  the  operation,  the  patient  seldom  requires  fur- 
^i**^ attention  from  the  nnte^thetht ;  after  prolonged  anaesthesia  teal 
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may  lye  applied  by  warm  l^>ttlos,  etc,  as  the  tciiiperatare  often  con  til 
t<i  fiill  for  iiome  time  after  the  administration  of  the  ihit^  liii^  t^^ased.! 
vomit iug  persistvS  after  the  I'ecovery  of  eouj^»iousne??s,  ice  may  be  &uc 
or  bismuth  may  be  pre,s«?ribed»     Tlie  inhalation  of  vinegar  has 
recommended  and  relief  is  i>onietinies  given  by  lavage  of  the  stun 

The  patient  shonhl  always  l>e  plaeed  in  the  rec*urabent  position 
possible,  as  otherwise  the  weakened  heart  tends  to  drive  the  blood  in 
direction  of  least  ivsiatance,  that  is,  downwards,  and  in  the  depr 
condition  of  the  vaso-motor  centre,  this  is  not  counteracted  by  the< 
traction  of  the  arterioles  of  the  abdomen,  and  anjemia  of  the  brain  i 
syncope  are  liable  to  it^ult.     The  o[)eration  ought  not  to  be  conimeB 
until  anicsthesia  is  complete;  otherwise  shock  may  result  ami,  in 
weakened  state  of  the  central  nervous  system,  may  lead  to  fatal  ivsii| 

Various  drugs   have  been  advised  as  preliminaries  to  aniestho 
generally  with  the  objec^t  of  preventing  the  reflex  arrest  of  the  r€S})il 
tion  and  heart.     Thus  atropine  and  sparteine  have  been  pmjiose 
paralyze  the  vagus,  and  to  arrest  the  mocous  secret  ion  and  vtimitid 
and  spraying  of  the  nose  with  em^aine  has  recently  bt^en  adviseil  to  [ 
alyze  the  sensory  terminations  and  so  prevent  the  irritation  whielu 
up  the  reflexes.     As  a  matter  of  fact,  however,  the  reflex  arrest  of  I 
respiration  and  the  slowing  of  the  heart   may  rather  be  ivgarded] 
monitions  tliat  the  vapir  is  lot)  coneeutmted  than  as  dangers  in  the 
selves.     It  has  ljei*n  projKised  to  dilute  ether  or  eldoroform  vapor  i 
oxygen  instead  of  air,  but  there  seems  no  theoretical  reason  why  tl^ 
should   have  any  advantages,  and   in  practice  it  has  been  used  in 
limited  a  number  of  cases  to  allow  of  trustworthy  inferences. 

Of  late  years  a  gooti  deal  of  interest  has  Ijcen  excited  by  the  ( 
CO  very  that  the  perils  of  antestht'sia  are  not  over  when  conscioiisn 
returns,  but  that  fatal  consetjuences  may  follow  several  days  latt 
These  late  fatalities  are  due  to  fatty  degenenition  of  tlie  heart  and 
kidneys  or  to  diabetic  c<>ma  in  the  C4ise  of  chlon»fc>rmt  to  bronchitiN 
pulmonary  wdema  and  pneumonia  after  ether.  No  reliable  data  an* 
as  yet  available  as  to  the  frequency  of  these  sequelae,  as  it  is  very  tliffi- 
cult  to  distinguish  between  the  results  of  the  ana^thetic  and  the  ordi- 
nary forms  of  disease.  Even  the  propttrtion  of  cases  in  wliieli  albumi- 
nuria occurs  after  chloroform  gtH^^ms  to  vary  remarkably  in  differt^tit 
hospitals,  for  it  is  given  as  low  as  5  i>er  cent,  by  some  authors  and  m 
high  as  30  |i>erceDt.  by  others  ;  this  may  |ierhaps  be  explained  by  drff«'^ 
ences  in  the  duration  of  the  anaesthesia.  The  imtant  effects  of  ether  and 
the  liability  of  pulmonary  atll'ction;^at'^erwards  have  be^  n  so  evidt^it  that 
some  surgenns  have  returned  to  the  use  of  chlorfit^irm,  believing  that 
the  late  effects  in  ether  claimed  as  high  a  proportion  of  victims  as  tl«' 
more  immediate  effi^cts  of  ehlortifonu,  Dreser  has  shown,  however, 
,that  the  irritant  action  of  ether  and  its  conset^nent  dangers  may  bt- 
largely  avoidt^d  by  the  use  of  dilute  vapor.  Somv  auflesthetists  liavf 
found  albnudn  and  *^ists  in  the  urine  in  a  considerable  proportion  of 
eases  in  which  anfesthesia  had  Ix^n  induced  by  ether,  but  others  h&tg 
failed  to  de/cct  anv  action  on  the  kidnevs  after  this  anaesthetic. 
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Therapeutic  Uses.  —  Atifostheaia  is  general ly  in Juced  for  the  purpose 
of  surgical  ojjerations  atul  examinations,  and  in  labor.  ITntil  recent 
Tesrs,  when  tt  was  necessary  to  perform  an  operation  or  manipulation 
Lovolviitg  much  |>ain,  the  surget»n  had  to  cim^itler  only  wliieh  of  the 
two  grornil  ttiiiestlietics  was  tlie  better  adapted  to  the  ease*  But  the 
improvccneQts  introduced  in  the  methods  of  inducing  local  antesthesia 
»3   *     '  'itroducticni  of  nitrons  oxide  as  a  sur^icid  anirsthetio  liave 

D  ^3  his  Held  of  choice,  and  the  fnrther  question  has  to  be  met 

wbeciier  unconsciousness  is  desirable,  or  whether  the  necessities  of  the 
esse  toay  not  1k»  met  by  paralyzing  sensation  at  the  scat  of  operation 
ooly.  The  a<l%'antages  claimed  for  luc:d  anaesthesia  will  Iw  discussed 
timirr  cHicaine,  but  the  geneml  conditions  in  wirich  chloroform  and 
ether  arc  to  be  preferred  may  be  state* !  shortly  (see  also  nitrous  oxide). 
Geoeml  antesthesia  is  absolutely  essential  where  conqilete  relaxation  of 
the  m«scli-5^  is  dt^ired,  and  %vhere  the  movements  of  tlie  patient  nuiy 
imperil  tlie  success  of  the  o[>criition.  Operations  on  the  abdominal 
OfipttkB  and  around  joints  ami  sneli  uthers  as  involve  wide  and  deep 
ioeijiioilii  will  almost  certainly  continue  to  \w  performed  umler  chloro- 
fomi  or  etlier^  altlioagh  a  few  sucli  oijcrations  have  been  attempted 

iJer  cocaine.      In  many  less  sericnis  operations  it  is  necessary  also  to 

ve  recourse  to  the  older  methods,  which  allow  greater  treednm  fo  the 

saqgeon,  who  is  undi-r  no  ap|:»reheusinn  that  he  may  reach  a  sensitive 

arm  and  has  thus  one  less  source  of  anxiety  than  if  the  aniesthcsia  were 

l/ieuli^ed.     Another  argument  for  the  use  of  general  anffisthctics  is  the 

which  the  anxiety  and  the  siglits  and  sounds  of  the  operating 

ititiy  have  on  a  nervous  patient  even  wfjen  no  actual  pain  is  felt. 

And  a  considerable  amount  of  practice  is  re<piiriHl  bciure  complete  local 

amesibt'^ia  can  l>e  luduceil  over  an  extensive  (ield  of  operation,  while 

Ibe  surgeon  lias  often  to  interrupt  his  raani|uilaticuis  in  order  to  admit 

of  a  r     '         a  ht'iug  n:*ndere<l  analgesic.     But  there  is  norpiestiim  tliat 

miin>  ions  in    which   ether    or    chlorufurni    has    hitherto    iR'cn 

»yed,  will  in  the  future  be  performed  more  often  under  lix-al  antes- 

I  or  nitrous  oxide.      In  this  class   Uiay  be  incliKled   most  minor 

it  ions  in  which  only  very  short  or  partitd  anic-^thcsia  is  necessary 

;4ud  in  which  no  com|dications  are  to  be  anticipated. 

l>»inng  lalwir  only  the  lijrliter  degrees  of  anaesthesia  are  necessary, 
the  object  being  to  ilull  the  pain  without  lessening  to  any  marked 
extent  the  reflex  irritjibility  of  the  spinal  cord,  and  accidents  are 
extremely  rare  in  this  use  of  amestlietics,  although  the  ctinimon  state* 

L*nt  that  they  are  unknown  is  jncorix^ct.  Some  cases  have  been 
nlcd  in  which  it  is  i)elieved  that  chloroform  was  fatal  to  the  child 
and  noC  to  the  mother,  but  it  is,  of  ciiurse,  impossible  to  state  with  cjer- 
taiuly  lliut  the  aruesthetic  was  the  cause  of  death.  If  too  deep  aniea- 
thesta  19  pr^^duced*   however,   it    is  quite  c^>nceivable   that   the   hil^ior 

y  be   prtdnnginl,  or  I  lie  btood-prt^^^sure  so    reiluc<'d   as    to   lead    to 

imperfect  exchange   of  gases    in    the  placenta  and    thus    to    the 

death  of  tlie  infant ;   or   as  another   explanation   it  might   be  sug* 

g«9t«d  that  Uio  irritubility  of  the  resi>initi>ry  centre  of  the  child  may 
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he  so  redutx^d  that  it  fails  to  react  when  tbe  placental   circulation  i| 
iaterriiptcd, 

Ana'sthetio^  are  also  employed  in  cases  of  extreme  irritability  off 
c-eiitral  nervous  system,  as  in  iitryelifiine  poisioning,  tetanus  or  other < 
viilsive  atfeetions.    In  order  to  red  nee  these,  it  is  lumeeessarv  to  produ 
deep  ana^i^thesiu,  a  few  wfiiffn  of  eldoroform   being  generallv  BuflkU 
to  prod  nee  quiet,  i>ften    without  affect  ijig   the   consciousness   to 
marked  extent.      In  cases  of  very  acute  i>ain,  eldoroform  or  ether  1 
be  used,  but  as  a  general  ride  morphine  or  opium  is  preferable,  ml 
action  lasts  much  lunger  and  the  administratioQ  is  much  more  i 
venient. 

During  the  stage  of  excitement  of  anaesthesia,  the  dreams  of  1 
patient  sometimes  assume  an  erotic  eharaeter,  and  elia rges  of  criraiMfl 
assault  have  been  repeatedly  brought  against  surgcous  by  women  whom  J 
they  had  anffisthetized.  It  is,  therefore,  advisable  to  give  chlorofonal 
to  women  only  in  tlic  presence  of  a  third  person. 

The  local  action  of  chlomform  and  ether  on  the  stomach  and  Bkiq 
is  entirely  indepeudent  of  the  action  as  auiesthetics,  and   has  to 
discussed  separately  (see  page  181). 


Pheparations. 

U.  S.  P. — CfiLOROFORaiUM,  a  liquifl  eoutaining  99-99*  4  J^  by  weigl 
alvsolute  chloroform  (CHCl^j)  mid  0.(1-1;;^  of  aluohol. 

.'Ether,  ether,  a  licjuid   composed  of  about  96  ;r   by  weight  of  ahs<A 
ether  or  ethyl  oxide  ({t'^H^)j,0)  and  about  4  fi,  of  alcohol  eontaiaiug  a 
water. 

B,  R— Chloroformum,  chloroform  (CHCl^),  must  have  a  specific  gnii 
of  1.400-L41)5,  that  h^  niuRt  contain  99  per  cent,  of  absolute  chlorofonn. 

^'Eihar,  ether,  or  fliilpharic  elher^  a  vointile  Ihiniil  prepared  from  aln 
ami  containing  not  less  than  92*/o  by  volume  of  pure  etiier  or  elhvl  o] 

((t;H,),o). 

^Etukr  Purikicatus,  ether  freed  from  most  of  the  alcohol  or  water, 
of  0.720-0.722  speciiie  griwity. 

OMorofoim  is  ordimirily  formed  by  the  uction  of  chlorine  on  alcohol, 
chlonne  lieing  added  in  the  form  of  chlorimitiul  liiae.  The  crude  di 
purified  by  re]ieated  washing  with  wuler  and  sniphnric  acid,  and  dried  oviT 
ralcinm  chloride.  The  fatalities  tbllowing  its  use  have  frequently  be^n 
inscribed  to  impuritie!^,  and  a  certain  demand  has  arisen  for  a  pnrer  artide 
than  that  rcipured  by  the  phannacopneias.  Another  method  of  preparation 
has  therefore  been  introduced,  the  decompo,«ition  of  chloral  by  soda  (CMm^ 
formiim  e  Chloral  pneparafum).  Other  pure  forms  are  prepared  from  ordi- 
nary chloroform  by  crystallising  it  by  cold  (Pictet),  or  by  forming  a  ctiin- 
pound  with  sal  icy  I  id  and  decomposing  it  agaiu  by  alight  beat.  Chhroform 
{Amchittz)  or  Cfthroform  {SaHrfflid). 

The  imijuritics  of  chloroform  are  due  partly  to  imperfect  manufacture  and 
partly  to  decomjiosition.  Along  with  the  chloroform  there  distils  over  ft 
small  quantity  of  lieavy  oily  fluid,  which  may  be  isolated  by  Pictet's  laethod^ 
but  whose  composition  is  entirely  unknown.  DnBois-Rcymond  found  that 
this  fluid  acted  more  strongly  on  the  heart  than  pure  chloroform,  but  it  » 
very  cincstionable  whether  the  minute  quantities  inhaled  in  ordinary  aaff*- 
tbe^sia  produce  eflects  of  any  impt^rtance,  and,  on  the  other  band,  it  is  quite 
ceitatn  that  the  use  of  absolnt€4y  purechloroforn^  doe-s  not  prevent  accident*. 
ChJoroform  undergoes  decompoBition  when  exposed  to  light  and  air^  hydro- 
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Vrlcn<n<1  find  rblorine  being  set  free  in  small  quantity.     These  can  affect 

i-4  only  ihrough  their  local  irriUxnt  aflioiiy  but  if  ftres* 

V  may  cause  the*  res^iyiruiiuu  lo  be  more  irregular  ibun 

:iic  carUer  ^tuge*  ;    the  ehlorofurin  UM*d   fur  uuffisthotic  |nii poses 

'■rHfori%  to  1>e  kept  in  u  dark  place  or  in  eolored  boitlc\s      A u other 

M  oi'cun»  when  ehloryform  is  eviiponitod  in  the  neighliorhood  of 

MUch  a&  from  gas  *ir  h\mpti»  and  hydiuehU>nc  acitl  un<l  pho,"*geu 

r(i  t'ormed,  the  latter  being  a  gm  with  exceedingly  irnUiut  pix>p- 


fH  a  heavy  voLUile  fluid,  of  characteristic  pleasant  odor  and  hot 

IL-*  specific  gravity  is  1.4i>0  {V,  S,  P,)and  1.490-L4l»5(B,  1*.)^ 

it.  (i<M»2^  C*     A  number  of  te^ts  are  giveu  for  irnpuriiies,  but 

U*  ,    rtance  can  geucrully  be  detected   by  the   uduv^  cMpeciully  if 

•BUt  clilur\>torm  be  allowed  to  evaporate  in  a  watch-ghuss,  wbcu  llie  last 

i!r»fm)5jht  fo  have  no  irritant  effect   when  inhaled.     Chlorine  aud  hydro- 

eii  (V  l»e tested  for  by  fihukirl^  the  chlorofunu  with  di.stilletl  water, 

•flii  M*  tatter  with  potassium  iocUdc  and  starch  aad  with  silver  ui- 

tmtt,    Tl»i^  water  ought  to  give  no  acid  reaction  to  HtnuiK.      I  f  left  In  contact 

fitiwDceut rated  rtulphurieacid,  chloroform  should  not  bccouie  darker  within 

^Of  luiur^  Oft  this  indicate^'^  the  presence  of  sume   foreign  unstable    body. 

Til' other  irnpuriiies  require  eomplicatcd  ehemic^il  processci*  for  their  detec- 

Ether  U  prepared  by  the  action  of  sulphuric  acid  on  alcohol,  and  is  Htibse- 

•  d  by  washing  with  water  aud  alkalies?.     It  .seldom  contains 

jiuportancc.      Brims  supposed  that  the  irritaut,  s^ulfocating  ae- 

ii*  r  wa*  (hie  to  it~^  containing  iinpuritit^s,  niich  as  ozone,  but  it  vvouhl 

It  dttr  tn  t  he  inhalution  of  concent  ratt^l  vapor.     .Kther  ( B,  1*.  |  is  un- 

ia,  and,  in  faet,  i^  entirely  supertluons.     .father  puriiicat us 

tU.  8.  P,)  are  practically  identical  and  are  the  forma  in- 

I  inloilauon.     Ether  is  a  very  volatile  Huid,  of  a  sufllbcating,  irri- 

r  and  bitter  tai*te.      It^  specific  gravity  h  .725-.728  U.S.  P.,  and 

K  v.,  and  it^  boiling  point  m  30-37**  C.     It  eva|H>ni tea  very  rapidly 

:nrt  ?;hnu1d  leavc  no  fi>reign  odor  and  no  residue.     It  i^honld  not 

nor  be  colored  w ithin  an  hour  when  shaken  with  polufi- 

iijon.     Ether    vapor   is   exceedingly    inthimmalile    when 

m^xrd  i»iti*  ttir,  and  it  shouhl  therefore  be  kept  in  a  eo<:»l  place,  away  from 

Ipts  flam*^  or  lamps.  • 

aibers  of  the  fatty  series  have  been  introduced  as  geneml 

u  rent  fimcj^,  hut  none  of  them  have  proved  to  have  any 

*'  .  I.I    I    (t.rm  and  ether,  and  it  is,  therefore,   unnecessary  \o 

•  '  ■         d hii:  them.      Fatalities  have  m-curred  after  all  of  f  hose 

!*»»  trial.     Among   others,    methylene    bichloride, 

rthf]  lichme  chloride  have  received  extensive  trial,  but 

iMivr  ro  disuse,     Pental,  trimethylethylene  ((CHj/;— CHt'II,)  has 

d  for  short  operations  within  the  Ijvst  few  years,  and  poi^esses 

that  no  after-elleets  are  sutrenxl  frcun,  the* patient  feeling  per- 

lew  mtnutt^s  atl^*r  regaining  consciousness.       Its    use   is   not 

♦^  %  however,  jis  was  once  iw^'rted,  for  se%^eral  accidents  have 

••  '  r   it   within   a   comparatively   short  time,     Pental    produces 

■iwmlbcBte  iicfbre  the  reflexes   disappear   or  the  muscles    rtdax,  and    not 

fnfreqm*nt!r    the  jaws  are    tightly  cloned  after   corisciousness  is  lf»st.     In 

nor  and  convulsive  attacks  have  oeeurn^d  during  its  adminis- 

-^ems  to  Jmve  ver>'  little  aetion  on  the  heart  or  eireulation. 

i  to  paralyze  the  terruinntions  of  the  motor  nerves. 

t  t  1  >  has  i\\ho  iK'en  usi»d  largidy  in  recent  yeai-s  for  short 

o;  d  chlorofonu,  and  produces  aiuesthe.sia  with  great  rapid* 

ttj  -returns  more  quickly  af(er  the  removal  of  the  roa'^k  thnn 

^  Mi^  %Ab4tt  tttiiQSttKttie,  but  on  the  other  hand,  the  inhalation  is  not  so 
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pU'iisivnt  aa  that  of  penUl  and  patients  complain  of  greater  depres^ioTj  a  J 
dibcoiiifurt  allorwanls^.  Hennk-ke  found  thai  10  vol.  j>er  cent,  of  eibyi  l»ri 
Kiide  were  neceHSiti^'  to  ana^^^tbetizc  aiitmuli?  within  5  minute?:,  and  ilLal  i 
Ihi9  concentration  were  maintained,  death  occurred  iji  15  minutes,  so  ttut  i 
10  by  no  means  to  be  considered  a  jierfeetly  safe  anaslhelic  ;  sevtrral  dejit 
have  occurred  from  its  uj*e  in  dentistry,  Bfith  penUl  and  eihyl  bromide 
adminirttered  on  a  ma.sk  in  the  iSktne  way  a.H  ether.  Ethyl  bromide  tiju^t  l)e 
dlHlinguLshetl  from  ethylene  bromide  {t\lifir^}  which  is  a  muih  more  dnn- 
gerou»  anajttlhetie,  Kthyl  bromide  ii*  very  liable  to  deco^HK»^ition  wbeo 
kept  long,  and  i^  often  furnished  in  an  impure  form  :  it  ought  U*  hv  fierfeetly 
colorless,  as  a  yellow  i?<h  color  indicates  decompo«>i  I  ion.  often  with  the  prfs 
ence  of  free  bmmide.  Methyl  bromide  (C  U^Br)  is  quite  unsuitable  as  oa 
ana^thetic  as  after  the  diug  is  withdrawn,  the  unconsciousness  remaint?  and 
may  even  becume  deeper  ;  this  \^  perhaps  due  lo  the  molecule  being  decom- 
|KP&Cfl  and  broniides  being  formed  in  large  amounts. 

The  other  members  of  this  scries  jhjsscss  no  practical  importance.  It  may 
be  mentioned  that  tetrachloride  of  carbon  (CC'lj)  diflers  from  the  others  in 
causing  convulsiouH,  while  iK**'*'hlorethane  (CjtM^j  is  a  crystalline  solid  and 
possesses  too  high  a  boiling  [Miint  to  Ix;  available  tor  inhalation,  Bromoform 
(CHBrjj)  has  an a*iithetic  properties  resembling  those  of  chlorofonn,  but  ha^ 
never  i»een  largely  us^ed  in  nierlicine,  i)f  late  years  it  has  bciLU  given 
internally  in  whooping-cough,  and  in  this  rtlalion  it  is  imi»ortiint  to  rr- 
meniber  that  when  given  repeatedly  it  caus*'s  fatty  degeneration.  A 
nuniher  of  cases  of  alarming  poisoning  in  children  liave  been  recorded 
from  the  use  of  bromoform,  one  ^amnie  being  suJIicient  to  cause  total  un* 
conftciou.st»ess. 

Various  Mixttires  of  the  Anaesthetics  liave  been  advised  at  different 
times.  Of  these  llie  At'E  mixture  (aleohol  1^  ether  2  ami  chloroform  3  parts 
by  volume)  i»  the  best  known.  Its  use  has,  however,  been  attended  with 
numerons  lutalitie**,  as  was  only  to  W  ex[»ecte<l  from  a  consideration  of  the 
vi^latility  of  the  ditferent  ingredients.  Eiher^  being  the  most  volatile,  is  fii-st 
itdnded.  and  tlien  chlorofurui,  and  last  of  all  the  aleohol.  The  stite  concen- 
t  ration  of  ether  is.  however,  much  greater  Ihan  that  of  chloroform,  and  a  vajjor 
which  may  be  perfertly  safe  as  long  as  it  consists  of  ether  for  the  most  part, 
may  become  exceedingly  dangiMous  when  It  consists  of  chloroform.  Tliia 
method,  thercfrHC,  increases  the  responsibility  of  the  chlorotbrmisl  by  leav- 
ing him  in  complete  ignorance  a.s  to  the  composition  of  the  auieBlhelic  at 
any  given  time, 

A  new  series  of  mixlnres,  udvoented  recently  by  Schleich.  consists  of  dif- 
ferent proportions  of  chltiroffirm,  ether,  und  |ietn*1enm  ether,  the  more 
vohitilc  part  of  petroleum  (boiling  at  t;(M;5^  C. ).  His  obiert  is  to  have  a 
ntiid  which  btiilsas  near  the  blond  tcmpeniture  (3S.4''C)  as  possible  but  it  is 
untieet'ssary  to  enter  into  I  he  theoretieal  principles  on  whieh  he  based  his 
mixture  as  these  have  jiroved  to  be  erroneous  and  such  a  fluid  as  he  advises 
hns  no  constant  boiling  point  (Bruun).  He  records  very  successful  results  in 
a  small  numb*  r  of  cases,  and  there  is  no  reason  why  bis  mixture  should  not 
be  as  safe  as  the  pure  amesthetics,  provided  it  is  given  with  such  {precautions 
as  are  always  taken  as  long  as  u  remedy  is  on  its  trial.  It  is  not  to  be 
expected,  however,  that  it  will  prove  a  **safe**  amesthetic  for  the  inexperi- 
enced and  untrained  to  use,  or,  in  fact,  that  any  such  aniestheiic  will  ever 
be  discovereil.  The  anu'sthcsia  is  induced  and  maintained  for  the  most  part 
by  the  ether,  which  forms  7tV80  per  cent,  of  his  mixture  and  the  17^-24  per 
cent,  of  (^hlt*r<>form  merely  accelerates  and  deepens  its  acti«m.  The  petro- 
leum ether  is  <|uite  superllnous.  ami  the  dniiger  of  the  mixture  lies  in  the 
fjiet  that  the  vapor  consists  at  one  tinR*of  ether  minnh%  while  later  most  of 
it  may  Iw^  cliloroform.  In  favor  of  the  mixture  of  the  two  iinasthetics  it  hiis 
Imm'Ii  urged  that  very  snudl  <piantities  are  re(|uired  to  induce  uneonscioivsness, 
while  on  the  other  hand,  the  re^piratitrn  is  more  unfavorably  intluenced  than 
by  either  of  them  given  alone  (Honigmanu). 
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Local  Action  and  Uses. 

addition  to  their  use  a-s  aiiie^sthetics,  cliloroforui  and  Pther  are 

presscribed    for    the  same    purptwes   as    tlie   volatile    oils* 

wfiirm  has  a  hot*  sweetish  taste,  while  ether  is  bitter  and  jsutfo(_'at- 

tht*  mouth  \  a  sensation  of  heat  and  of  ton  of  pain  in  the  8tonKic*h 

when   they  are  swallowed,  and  ehlorof(trm  may  oaiise  gastric 

,tiOQ  and  catarrh  when  given  nndilnted.     The  nioveraents  of  the 

artf  accelenited,  aad  Batelli  states  that  a  certain  amount  of 

aing  of  the  muscular  fibres  occurs.     The  whole  etfect  is  similar 

hat  prtHluctHl  by  the  volatile  oils,   but  alisorption  probably  takes 

more   mpidly.      Go  the  skin,  ether   evaporates   too  rapidly  to 

^  mnch  irritation,  but  chli^rofortn  ia  occasionally  used  as  a  rube- 

eut  in  the  form  of  a  liniment. 


PrKP A  RATIONS, 

irt*  mbsrances  may  be  admmistered  by  the  mouth,  but  more  fre- 
t  prepiiratious  are  prescribeil. 

,  n.-j-l  <!  c.  (8-15  mins  ). 

I  JCrHKia^  (ir.  S.  P.,  B.  1*.),  1-5  c.c.  (30-1)0  in.V 
Hmzs  CoMPosiXUS  (I'.  S.  P,,  B.  P.)  (ITolfmsiioi'.^  Anodyne) 

iUi&B  m   \r  of   estefi?   of   t-rliyl   and    other  sidwtmiices   knowa  us 

inhiimd  qil/    together  with  etlier  and  alt'ohol,  2-4  c.c.  (.^-l  ft.  dr.). 
jenWTr.'i  Chloroformi  (U.  8.  P.,  B.  P  ),  1-4  ce.  (20-tiO  min,)  (5-20  m, 
rfpf>ruteil  doses.  B,  P,). 

llmUmn  rhloroformi  (U.  g.  P.),  15-.30  e.c.  {J-1  fl.  oz.). 
^  Aqm  Chforvf**rmi  (U.  8.  R,  B    P.). 
^  UMtmrfKUtm  Chloroformi  (V,  S.  P.,  B.  P.V 
7Vj»d«ra  Chloroformi  d  Mtnphinw  CompoatHa  (B.  P.)  contahis  one  per  cent,  of 
hinc"  hydrocidonite,  chlorororm,  prussic  acid,  cnnuabis  indica,  capsicum 
J  nil  of  peppermint,  and  repre^sents  the  patented  medicine  *' ehlorodyne*" 
J^lTy  m.     It  is  used  as  a  sopoHlic  (sec  niorphiue). 
*  Jretkfts  iV .  8.  P.,  B,  P:).  acetic  ether,  an  ethereal  fluid  cons^istlng 
Iaet!t2ite.  1-3  c,e.  (20-40  mins/|, 

TiientpeTitic  Uses. — These  preparations  are  used  for  the  same  pur- 

I  a^  the  eorrespimrlin^  preparations  of  the  volatile  oils.  Thus  the 
Ijrits  and  emulsion  may  be  prescribed  a.s  earrairiatives  or  in  colic, 
He  rhc  liniment  is  used  as  a  cotuiter-irritaut.  Cliloroform  water  is 
Untiseptie  of  coosiderablc  power,  but  is  too  volatile  tor  Burgieal  use* 
Spirit"*  of  ether  and  etlier  itsfdf  are  often  n^'iveu  internally  or  sidj- 
neoti-aily  in  cases  of  shork  Mr  stirhlen  collapse  in  the  same  way  a.s 
dy  or  whiskey,  though  E!fsitrand  states  that  ether  injected  hypo- 
nically  has  no  effect  on  the  heart  or  blood-presHure  ;  spirits*  of 
ci^Qtain^  a  much  lar^rer  percentage  of  alcohol  than  ordinary 
hi^k*?y.  Both  ether  ami  chloroliirni,  but  more  especially  the  lalter, 
ive  bwm  u-^ed  internally  for  tapeworm  with  sticcess.  Tlicre  is  always 
at'<lani^»r,  however,  that,  besides  destn»yin^  tlie  parasite,  they  may 
»u^' irritation  ixxnl  lasting  injury  to  the  intestinal  walL 

Hflftnaan'j^  anodyne  is  a  favorite  carminative,  and  is  often  addiKl  to 
>^Wdrug4  to  lend  them  an  agreeable  odor  and  taste.      It  is  aUo  Ucfid 
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in  cliliitiuii  Jis  a  stimulaat  in  the  same  infleiinite  way  as  wine  fi*^^ 
gpirit^,  and  its  large  jwrceiitage  of  alfoliul,  tugother  with  the  bouq*^*^^ 
given  it  by  the  viirions  estei-s  present,  entitle  it  to  be  milked  ami^^S 
the  alcoholic  prepii rations, 

Bi*th  sfJirits  of  ether  are  used  ot^casionally  in  expoctorant  mixttil^^ 
and  are  L>elieved  to  iuereivse  the  Ijronehial  Hecretion.  - 

Ether  evajxjrates  very  rapidly  and  leavei*  a  senjiation  of  rolti,  afl^ 
when  thrown  on  the  skin  in  a  fine  spray  it  produces  snftieient  cof^* 
to  nnnil)  sensation  in  the  part  and  allow  of  minor  surgical  ojK'niUoni^-' 
(See  uses  of  cocaine/)     Instead  of  ether  still  more  voIaljle^oli>tanr(^^ 
eUgh  as  etliV^  nliLvrJil^*  (hqiliocr  poinf    P  ."<^  C.)  and  nietljvl  rhl^ritW 
(boiling  point—  23^  C.)  have  bg?n  introilueed.     Tlie  latter  is  supplied 
in  pressure  cylinders,  and  is  allowed  to  eseajx*  against  (he  skin,  whiW 
the  otherg  are  thrnwn  against  it  l»y  ]>umping  air  tlirougb  tbem.     The 
Ify-jt)    !ioif^tft<><4i^   jjrodueod    Innirs    no  relati«ni    to  their   action    when 
inlialed,   hut  is  doc  simply  to   the  e(dd   produced   by  their  evapora- 
tion.     The  vessels  of  tlip  p^irf  foiitrjiiat   ^y;i<l  iht>  iibft*^oi"f*  nf*  l-tLwu]  ^^^ 
hardness  of  the  tissues  faeifitate  some  operations,  but  the  siibserpient 
reaction  is  lialde  to    |>rodnee   consideralile  snakage  of  hlorKl  iVom  the 
wound.     Ttie  eold  elicited  ought  not  to  be  great  eiinugh  to  actually 
freeze  the   tissues,  otherwise  the   healiug   may   l»c  slu\v.     Tlie  intense 
cold  is  often  quite  as  painfull  aq   the  ojMTation  itself  would-be  without 
any  nn^^^^hiHi^;, 
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3.  Nitrous  Oxide, 

The  oldest  of  the  ansestlieties,  nitrous  oxide,  N^O,  does  not  belong 
t»ttmet[iune  series,  but  may  be  discussed  at  this  point. 

Symptoxos.  —  When  a  mixtiiix'  of  nitrous  o.xide  and  air  is  inhaled 
»f  a  few  seconds,  a  condition  resemblintj  alcoholic  intoxication  is 
[l^'wlttoed,  w\X\\  much  hilarity  and  lau^litcr,  so  that  the  oxide  is 
ki^iWD  popularly  a^  **  lau^hini^  giis.''  Even  at  this  p<]>int  a  certain 
iiniount  of  anaesthesia  isobtainetl,  au<l  it  was  the  observation  that  persons 
Wlin^ during  this  stage  did  not  complain  of  pain  that  first  suggested  to 
^^tlU  the  anaesthetic  properties  of  the  gas.  Davy  had  noted  these 
**rty  years  previously,  but  his  suggestion  that  nitrous  oxide  might  be 
••^^  in  surgical  oj>eration9  passed  unnoticed. 

Till'  iafmlation  of  a  mixture  of  nitrous  oxide,  4  parts,  and  oxygen, 
J  l*srt,  causes  after  a  few  seconds  a  rushing,  drumming,  hammer- 
Y^i  m  the  ears,  indistinct  sight,  and  a  feeling  of  warmth  and  com- 
The  moveraent^  hecome  exaggerated  and  uncertain,  the  ga\l  \a 
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stagj^ering,  and  tlie  IkmIv  sways  from  side  to  side.  The  patient  seems 
brighter  mid  more  lively,  and  often  Injr^sts  into  laughter.  Somewhat 
lat^r  a  feeling  of  drowsiness  miiy  come  on,  but  tiiis  is  not  constant ; 
the  sensibility  to  |>ain  is  much  less  acute  than  normally,  but  no  com- 
plete anEEsthesia  is  produced  by  this  mixture  of  gases  ;  the  sense  of 
touch  is  eoniparatively  little  altered,  and  total  unconsciousness  never 
results.  The  pupil  is  generally  sliglitly  dilated,  the  face  flushed^  and 
the  |ndse  somewhat  accelerated. 

When  pure  nitmus  oxide  is  inhaled  without  the  admixture  of  oxy- 
gen, the  patient  (>asses  almcjst  instantaneously  thmugh  the  symptoms 
alrti^Kly  described,  but  then  loses  consciousness  eorui)letely  ;  the  face  is 
cyanotic,  tlie  respiration  becomes  stertorous  and  dyspna^ie  and  ceases 
after  a  weak  eonvulsion,  w^iile  the  heart  continues  to  l>eat  for  some 
time  afterwards.  If  the  mask  through  which  the  psitient  has  been 
inhaling  tlie  gas  be  removed  when  the  cyanosis  l>enomes  nuirkedj  very 
complete  aufesthesia  lasts  for  30-(>0  sf»conds,  and  the  patient  then 
recovers  within  a  few  minutes  and  suffers  fnim  no  after-effects  what^ 
ever.  No  prolonged  anaesthesia  can  Ix^  prorhiced,  however,  as  the  res- 
piration becomes  endangered  if  tlie  mask  be  kept  on  longer  than  tlie 
bcgi  n  n i  n g  of  t h e  cyan f >t i  c  s tage . 

Action.  —  Nitrous  oxide  su[>ports  condjustion  outside  the  body,  for  if 
a  glowing  splinter  of  wood  be  held  in  it^  it  bursts  into  flame  exactly 
as  if  it  were  immersed  in  oxygen.  It  was  accordingly  believed  at  one 
time  that  nitrous  oxide  suftported  the  combustion  of  the  living  tissues 
in  the  same  way  as  oxygen,  but  this  has  been  disproved,  for  as  far  as 
the  raetabolism  of  protojilasm  is  concerucHl,  nitrous  oxitle  behaves  in  the 
same  way  as  any  other  indifferent  gas,  such  as  hydrogen  or  nitrogen  ; 
that  is,  the  tissues  cx[>osetl  to  it  suffer  fmni  aRjdiyxia  owing  to  the  oxygen 
of  the  air  being  excluded.  Thus,  plants  do  not  grow  in  an  atmosphere 
of  nitrous  oxide  and  seeds  do  not  germinate.  Animals  die  after  in- 
haling nitrous  oxide  in  almost  tlie  same  time  as  after  hydrogen  or 
nitrogen,  and  at  death  the  spectrum  of  the  blood  shows  no  oxylia^mo- 
glob  in  to  be  preseut,  the  tissues  luiving  used  up  all  the  available 
oxygen.  Nitrous  oxide,  therefore,  does  not  support  combustion  in  the 
animal  body,  the  nitrogen  is  not  split  off  from  the  oxygen  as  it  is  when 
the  oxide  is  exposed  to  high  temperatures  outside  the  body. 

Another  (piestinn  is  whether  nitmus  oxide  behaves  only  as  an  iu- 
ditferent  gas  in  the  biHlv,  or  whether  it  lias  not  some  special  effect  on 
the  central  nervcms  system,  although  in  the  rest  of  the  tissues  it  acts 
only  by  excluding  the  oxygen.  The  earlier  workers  in  this  field  held 
that  it  affected  the  t^entni!  iiervous  system  only  by  cutting  off  its  sup- 
ply of  oxygen,  but  this  has  l>een  sliown  to  be  erroneouSj  for  nitrous 
oxide  acts  as  a  depressant  to  tfie  central  nervous  system  by  virtue  of  its 
molecular  form  just  as  cidorfdbrm  or  ether  does.  This  has  been  shown 
in  a  variety  of  ways  ;  thus,  if  it  were  a  perfectly  indifferent  br^dy  no 
more  effect  wouhl  1m'  producfni  by  it  when  mixed  with  one  fourth  of  its 
volume  of  oxygen  than  by  air,  which  consists  of  1  part  <>f  oxygen 
and  4  parts  of  an  indifferent  gas,  nitrogen.     But  80  per  cent,  nitrous 
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oside  has  definite  effect*^  on  the  l>ehavior  uf  auimaLs,  m  hm  been  meu- 
tkiil^,  »ml  i*ven  73  per  ceut.  pnHliiees  some  blowing  ijf  tlie  ivs|>jra- 
licMl.  ITie  narcotic  iictioii  was  demoiist rated  very  clearly  by  l\ml  liert 
in  m  series  of  experiments  on  man  and  animals.  He  noted  that  only 
imperfed  snmgtliesia  was  produced  hy  SO  per  cent  nitrous  oxide,  while 
ibe  ptiM?  gaa  priKlueed  atsphyxia.  The  problem  wits  to  intrfKbicc  as 
milcll  g«5  into  the  bhMHl  ns  woidd  pass  in  nniler  pure  iHtroiis  oxide, 
mnd  at  the  aame  time  to  ifupply  saflicient  oxygen  to  prevent  asphyxia. 
The  ak8or]>tion  of  nitrous  oxide  depends  upon  iti*  jxirtial  prcsi?ure  in 
tlie  limgBit  ^  *^  's  simply  dis4^dved  in  ihe  bluod  witfiuut  forming  any 
rcfti  enmbimUioD  with  it,  and  tlie  quantity  absorbed  by  the  hlt»«id  may 
he  anjiniiente<l  by  increasing  the  harometrie  )>ressure.  Bert,  tlierelore, 
ndrainlntefid  a  mixture  of  SO  parts  nitrons  oxide  and  20  parts  oxygen 
to  untmiils  in  a  glass  case  in  which  the  pressure  was  raised  one  ibnrth 
ftbiive  the  orjinarj'  atuKisphcric  pressum*  The  alnc^rption  of  the 
tiitni«i9  oxiih*  was  the  same  as  if  the  animal  had  breathed  the  pure  gas 
at  the  ordinary*  air  pressure,  and  at  the  same  time  as  much  oxygen  was 
absfirlK^I  UH  in  ordinary  air.  The  result  was  a  conipjete  anaesthesia 
witlnnit  asphyxia,  which  could  be  maintained  for  3  days  without  in- 
Jory  to  tlie  animal  (ilartin),  Kemp  has  recently  shown  that  mix- 
tiirrfi  of  oxygen  and  nitrous  oxide  ctm  be  inhaled  for  some  time  and 
[  produce  antesthesia,  which  passes  off  at  once  when  nitrogen  is  substi- 
b^yu*tl  for  rutnius  oxide.  He  has  further  investigated  the  blood  gases 
HBuring  nitrons  oxide  antesthesia,  and  finds  that  the  oxygtni  contained 
P  in  the  bloml  at  the  deepest  stage  of  aniestlresia  is  quite  sufiicirnt  to 
'  rniiotain  life  and  conseiotisness  were  no  nitrous  oxide  present.  Again 
(••in  found  that  frogs  were  narcotized  in  5J  minutes  in  an  atmos- 

^p  *"  nitrons  oxide^  in  1}  hours  in  hydrogen,  and  showed  that  the 

!i  .Hid  death  in  mammals  from   nitrous  oxide  ditfered  in  several 

M,  from  llmt  under  inditlerent  gases.  There  can,  tlierefore,  be  no 
I  that  nitrous  oxide  has  distinct  cffcctH  on  the  centnd  nervous 
tu,  tiUhmigh  it  is  indifferent  to  the  other  tissues,  A  further  que»- 
L  uou  arises,,  wliether  the  anaesthesia  pnMluced  liy  it  in  urdiuary  use  is 
I  diif  la  this  s|HH*ific  action  on  the  nerve  cells  alone  or  to  the  aspliyxia, 
[  Wi>mI  has  shown  that  even  a  slight  admixture  of  oxygen  (3  j>er  (^ent.) 
^»llieliiys  aiitf^thesia  eonsidend)ly,  so  that  the  laek  of  oxygen  ap|>eiirs  to 
Hb«l  the  din^M  efTiH^ts  of  the  anesthetic,  IVrt's  and  Martin's  cx|)eri- 
ri  nUl  indicsite  that  <h*ath  o<vup?  not  from  the  direct  action  of  the 

h  \iile  on  the  respiratory  eenlre,  lint  from  tlie  lack  of  oxygen,  aU 

tlMingh  lhedcpreiv>ion  *»f  ihecentn*  is  nndonbtedly  a  contributing  factor. 
Tin*  »<irae  (|uefition  arises  regarding  the  action  on  the  nerve  cells  a8 
ha$  bci*n  met  with  in  the  mendu  i-s  of  the  methane  series,  and  here 
ii|^in  the  preliminary  excitement  wouhl  seem  to  iiidicate  not  stimvi- 
latiim  of  the  brain  areas,  but  lessened  activity  of  the  funeti(»ns  of 
control  and  restrnint. 

Tlie  pi*!^piratory  centre  is  depressed  when  tlie  gas  is  inhaled  in  cora- 
panitivi4y  diUut*  form,  for  Zunl/.  and  (Jobslein  ft*und  the  lireatlnng 
flower  aiid  deeper  after  73  jier  eent^     The  respiration  ceases  some- 
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what  earlier  iiiiiler  nitrous  oxide  t^ian  under  indifferent  gii^$,  wbi< 
would  indiciite  that  the  cosation  of  the  brt^thing  is  due  at  any  ral 
in  purl  III  the  ijpeeilic  depre^aiit  aetion.     In  anphyxia  from  iiitrfi 
oxide  there  h  Ie83  ^x^nvubive  movement  than  under  hydrogen,  owin 
to  the  general  depreiJsion  of  the  nerve  eel  Is. 

Thecireiihition  is  little  atieeted  by  the  nitrous  oxide  directly,  the  ribe' 
in  the  [>lood-|iressure  and  slowness  of  the  pulse  being  due  to  tU 
asphyxiul  eondition  of  the  bIcxKl  ]  the  pulse  is  not  so  sjIow  as  in  ordinal}* 
asphyxia  or  in  asphyxia  from  nitrogen  or  hydrogen,  bceauso  the  io- 
liibitory  eentre  is  less  eupable  of  aetivity.  The  heart  is  not  afiectfd 
direetly,  but  only  by  the  lack  of  oxygen. 

Nitrons  oxide  is  diss^jlved  in  the  I^KhkI  exaetly  as  in  water.  There 
is  no  coin bi nation  fortned  with  any  of  tlie  constituents,  nor  is  the 
haemoglobin  altered  in  any  respect. 

Nitrous  oxi*le  is  a  gas  at  ordinary'  temperature  and  pressure^  and  is 
invariably  adnnnistertd  Iry  inhalation  from  a  cylinder  into  which  it 
has  been  forced  under  bigli  pressure.  Tlie  mask  genendly  covers  both 
nose  and  mouth,  and  the  inhalation  is  carried  on  until  distinct  cyano- 
sis apjjears,  when  the  anaesthesia  is  sufficient  to  allow^  of  short  0jx*r- 
atioiis,  siieli  as  those  of  dentistry.  It  is  much  the  safest  of  the  antes- 
tlietics,  for  millions  of  persons  have  been  snbjtHi'ted  to  its  intluence, 
and  as  yet  only  ten  cases  of  death  are  reported  tVoni  its  use,  and  sev- 
eral of  these  do  not  seem  to  have  lieen  due  Ui  the  direct  action  of  the 
gas.  Unfortunately,  tlie  aniesthesia  cannot  be  kept  up  except  for  a 
very  short  tinie,  which  is  quite  irisidficient  to  allow  of  ordinary  0}kt- 
ative  procedures,  A  number  of  attempts  have  hinm  made  to  |irolong 
the  anaesthesia,  of  which  Bert's  was  ranch  the  most  successfnb  The 
operator,  patient  and  attendants  were  enclosed  in  an  air-tiglit  chamber, 
the  air  j>ressure  was  raist^d  liy  means  of  fonx'  pumps,  and  Bert's  mixture 
of  oxygen  and  nitrous  oxide  was  inhaled  l>y  the  jiatient.  A  whole  series 
of  major  ojxjrations  were  performed  in  this  way,  the  auLcsthesia  being 
complete  as  long  as  was  desired,  and  the  patient  recovering  a  few 
minutes  after  the  mask  was  removed.  The  only  objections  to  the 
niethnd  were  the  great  expense  of  the  cliamlK^r  and  of  pum|u"ng  the 
air,  anil  the  inconvenience  attending  the  whole  procedure.  Ii<^rr,  there- 
fore, proposed  later  to  induce  amesthesia  l>y  pure  nitrous  oxide,  and 
then  to  substitute  for  it  a  mixture  of  oxygen  and  nitrotis  oxide,  and  to 
keep  up  the  anaesthesia  as  long  us  desired  by  alternating  between  the 
pure  gas  and  the  mixture,  A  practical  method  of  carryirig  out  this 
fiinn  of  aiuesthesia  has  lieen  devised  by  Hewitt,  whose  results  have 
led  to  a  wider  trial  of  diluted  nitrous  oxide  anaesthesia  than  it  has 
hitherto  had.  His  apparatus  consists  essentially  of  t%vo  reservoirs,  th^ 
one  etintainiug  oxygen,  the  (hther  nitrous  oxide,  and  of  a  mixing  cham- 
lH?r  witli  a  stopcock  by  which  the  jjroporlion  of  oxygen  is  regulated. 
A  tube  leads  from  the  mixing  chamber  to  the  mask  which  must  tit 
closely  to  the  face.  The  inhalation  is  commenced  with  pure  nitrous 
oxide  or  witli  a  mixture  containing  only  2  jxt  cent*  of  oxygen.  When 
antesthesia  is  attained  the  jx^rcentage  of  oxygen  is  increased  to  5-8  per 
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lit  W  taminjB^  the  stopcock,  and  tlic  symptoms  determine  the  further 

I'i:in;r,v,  ninruin^    iHin^rifuiMiess    nea^swhatiiig  a  dtmimition    in    the 

III,  >*t<rtor  and  cyanosis  an  iiic-reasp.     This  form  of  antcstlicsia  in 

.  Jmiwbly  adapted  for  minor  o|)eration^  and  has  b(?eo  maintained  In 

"Hn  ^Ji'^'ijs  for  as  hing  as  an  liuiir.     The  circulation  and   re.spiration 

i>  Irv.  ^rionbly  altered    than    by  any  otlier   method    that    indu*'es 

lu^sia,  anti  the  return  of  c*niseionsueN*  is  ahnost  immetHate» 

IJi'- .   _:    1  jwliack  to  its  use  is  the  cnmbrons  apparatus  retjuired  and 

tie  krpi  amount  of  gas  used,  amounting  to  about  100  gallons  for 

HUbithesia  of  h  ii  1 1*  a  n  I  loi  i  r,     O  »ni  p  le  te  m  use  u  1  ar  rel  ax  a  t  i  on  is  s  el  do  m 

fttteioecl  and  thin  preelndes  its  use  in  many  operations,  in  whieli  how- 

tW  it  may  lie  employt-il  at  tirsl  and  then  be  replac^xl  by  ehlurnform 

flf  etfer,    whose   preliminary   disagreeable    effects   are   tlius   avoide<L 

Clikowitscdi  pro|>osed  the  use  of  80  [xir  cent,  nitrons  oxide,  not  for 

(timplctf  anaesthesia^  but  to  relieve  pain  and  spasm  in  cases  of  asthma, 

in  hiK>r  and  similar  conditions*     The  patirnt  could  inliale  it  if  neces- 

lanr  without  the  pn'sence  of  a  medieul  attendant,  an<l  it  had  the  ad- 

ftats^  over  the  other  dcpressjints  that  it  need  only  be  inhaled  when  an 

attai'k  of  |ioin  was  approaching  ami  that  it  left  no  depression  afterwards. 

The  hi^h  bloo*l -pressure  induced  by  nitrous  oxide  asphyxia  is  some- 

ttawji  said  to  Ih'  dangenai->  ir)  elderly  j>er-M>ns  from  their  liability  to 

apoplcxYy  and  of  the  few  fatalities  nndiT  the  gas  several  would  seem 

duo  rather  to  this  than  to  the  drug  dii*ectK%  but  the  danger  is  often 

OTcr^tatwl,  ami,  in  fact,  it  is  a  fpiestion  whetlier  the  shock  cnustnl  by  the 

Opemtioti  without  gas  would  not  lie  more  dangc^rous  than  the  effects  of 

the  gtti  Itself*     No  such  symjitoms  arise   when   the  nitrous  oxide  is 

dilaled  with  ostygen  as  in  Hewitt's  method. 

Oecastf^ally  some  glye^T^^uria  occurs  after  the  inhalation,  not  owing 
to  ibe  gss  itself,  but  to  the  aecompunving  asphyxia.  It  is  miTcly  tem- 
pomrr  an«l  has  no  practical  im]iortanct\ 

The  tpcatrncnt  of  ac<*idents  in  aniesthesia  umler  nitrous  oxide  cod- 
iifta  in  artificial  respiration  alone. 
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4.   Soporifics^ — Chloral, 

nc  twt»nty  years  after  the  introduction  of  the  anaestheticf*,  a  nJ 
was  given  to  the  methane  m^nea  l>y  the  examination  of  th» 
tioQ  of  ebloral  hy  Lichreich.      Henceforth  the  attention  of  invciilj^:  uJ 
diTerted  frurn  the  quest  of  ana^thetics  to  that  of  hypnotic*, 
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the  result  that  a  very  large  number  of  bodies  have  sinw  !>een  siu>^ 
for  this  purpose  and  that  a  few  vahiable  drugs   have   been  add^ 
therapeutu's.     These  soporifies,   or  uarcotit^,    have   the   some  Pen 
action  a^  the  aiue.-theties,  but  are  used  only  to  produce  tlie  first  eS 
ot   impcTfeet  eouseiousnes.^  or  sleep.      The  anaesthetics  niisrlit  l»e  \ 
for  this  pur|MKse  were  it  not  tor  the  companitivelv  short   time  dui 
whidi  their  Bilioo  ^rsist^      Nareotics  are  retpured  to  produce  a  «li 
but  lasting.  efteet^atKl  for  this  porpose  the  ^.radnal  absorption  fmm 
Mornach  ,s  l>etter  adapted  tlmu  the  rapid  absorption  and  eqnallv  m 
elunination  hy  tbr  Inngs.      The  nareotics  are,  therefore    less  v  in 
than  the  au^e^heties,  and  oii^ht  to  be  soluble  in  water  and  m>t  \v^ 
111  the  stomach,  m  as  to  permit  of  rapid  al>sorption.      diloi^  k  J^ 
the  U*st  known  anil  most  widely  used  member  of  tliis  group       ~ 

Symptoms.  — In  small  quantities  cldoral  produces  drov^^Jness  a 
wearmess,  whieh  soon  pass  mto  a  CHjndition  reseml)lincr  natural  sl< 
ven^  closely,  from  whieh  the  patient  e^n  be  awakened  bv  ordinarv  niea 
fiuch  as  tonehing,  loud  sounds,  or  jniiu.  The  respiVation  aiid  m 
are  somewhat  slower  than  m  waking  muments,  but  scarcely  more 
than  in  natural  sleep,  and  tlie  somewhat  narrowed  pupil  and  unahen 
excitability  of  the  reflexes  are  also  common  to  l>oth  condition-^  '  U 
general  rule,  the  sleep  passes  off  in  5-8  hours  and  leaves  no  uni.lea  Ja 
results  but  S4ime times  headaehe,  giddiness  and  confusion  are  (x»m 
plained  of.  Occasionally  no  real  sleep  is  produced  bv  chloral  \ 
condition  exaetly  rest^mbling  alcoholic  intoxication  folbnyinir  its  U 
mhiistration  and  continuing  for  some  time.  When  lyr^r^r  fpiajjiitiea 
e,  //.,  5  G,  (75  grs.),  are  taken,  the  sleep  is  much  deeper,  the  patienfc 
cannot  be  arouse<l  to  eomjik-te  consciousness,  the  reflexes  are  distbetlr 
lessened  and  the  sensation  of  pain  is  less  acute,  although  no  complete 
anjBsthesia  is  present.  The  respirations  are  fewer  and  the  pulse  mav 
be  slow  and  somewhat  weak.  The  sleep  lasts  very  much  lonu-er  (](>- 
15  hours),  and  nausea,  vomiting,  headaehe  and  confusion  often  remain 
after  conseiousuess  is  regained.  In  still  larger  quantities  chloral  pro- 
duces a  condition  resembling  exactly  the  third  stage  of  aniestiiehio. 
The  retlcxes  are  entirely  absent  and  no  movement  is  elicited  liv  min- 
ful  operations,  the  muscles  are  completely  relaxed,  the  respimtioa  ud 
pulse  are  both  slow  and  weak,  and  eventually  asphyxia  occurs  from 
paralysis  of  the  respiratory  centre.  The  heart  eontinu€'s  to  beat  fori 
short  time  after  the  breatliing  ceases. 

The  Hrst  stage  is  the  only  one  elicittd  in  thempeutics.  The  use  of 
chloral  as  an  aujesthetic  would  U^  cptite  unjustiHalde,  l>ecause  it  is  im- 
possiljle  to  adjust  the  dose  aiM^urately  enough  U\  allow  of  complete 
aniestliesia  without  danger  of  respiratory  faihire. 

Action,  — The  Central  Nervous  System  is  depressed  and  eventnally 
eomjili-tely  jiaralyztd  hy  elilorai  anil  its  allies.  Unlike  the  aua»slhet!C^ 
and  alet>hoI,  however,  chloral  rarely  causes  excitement,  but  this  may 
be  due  to  the  facts  that  tlie  surrountlings  of  the  ptient  are  less  likely 
to  cause  cxeitenient  and  that  die  drug  itself  causes  less  local  irrilatien 
The  i'c,suh.s  of  ])syt  hologieul  ex^wrimeuts  on  the  effects  of  small  dus^'^ 
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fthe  imrcotics  seem  to  indicate  that  they  all  depress  the  sensory  or  vv^ 
'!r*tiotis  of  the  brain,  wliile  its  molor  activity  is  mitrh  rfdiicrd 
and  sulphonal,  but  iwny  ai^pcar  tti  be  netually  inereai^'d  Iry 
hycle;  this  apparent  stimidatioii  is  analogous  to  that  under 
'  and  may  be  explained  by  le.s?*ened  etuitroL  The  sleep  induced 
dulling  of  the  pereeption.^  may  be  interrupted  l>y  niorc  intense 
1  tnuu  without.  In  particular,  acute  pain  may  prevent  sleep 
Uoral,  which  seems  to  have  no  s[>eeitic  effect.'?  on  the  alf^esic 
such  as  i&  pcuisessed  by  morpliine ;  the  sensibility  of  the  skin  is 
kas  affected  by  chloml  tlian  by  morphine.  In  larger  fjuantitieji, 
r,  even  very  great  disturbance  of  the  environment  producej?  no 
Iptinu  i^f  the  sleep,  and  the  reflex  response  to  irritation  is 
lueh  lowered.  The  motor  areas  of  tljc  brain  cortex  are  rentlered 
trritubk*  by  chlond,  and  eventually  fail  to  react  t^  the  strongest 
, stimulation.  Tlve  reflexes  of  the  s[tinal  cord  arc  depressed 
ly  paralyzeil  before  the  failure  of  the  res  j)i  rat  ion.'  The 
Ion  of  the  reflexes  is  one  of  the  [)oints  which  serve  to  differenti- 
'  action  of  most  of  the  methane  series  from  that  of  the  alkaloidal 
such  as  morphine.  The  last  part  of  tlie  central  nervous  sys- 
ito  lie  attacked  is  the  medulla  oblon^ta,  for  although  tlie  respira- 
is  S4>mewhat  slower  ami  shallower  after  small  quantities,  it  is 
arorly  more  affected  than  in  ordinary  sleep,  and  Ix>ewy  found  that 
Dth  the  excitability  of  tlie  centre  an<l  the  volume  of  the  inspii'ctl  air 
very  similar  in  the  two  conditions.  As  the  dose  is  increjiscd, 
er,  the  rt^piratii»u  be(^omes  very  slow  autl  weak,  anil  finally 
i  fmm  paralysis  of  the  centre. 
Tlic  heart  is  somewhat  slower  after  chloral  in  moderate  doses,  but 
sreely  more  so  than  in  natuml  sleep.  There  is  often  some  Huslnn*^ 
tlie  face  and  head  from  some  obscure  central  action,  hut  the  blood- 
is  little  affected  execpt  by  large  quantities,  whicli  reduce  it 
Icnoftidirnsbly  and  at  the  same  time  cause  markeil  slowness  of  the  pulse." 
IThe  depressiou  of  the  blood-pressure  is  caused  in  part  by  paresis  of  the 
ITiaj-inotor  centre,  in  part  liy  the  eOects  on  the  cardiac  muscle,  and 
jiuwil»|y  in  part  by  a  direct  action  on  the  ninseuiar  walls  i if  the  vessels. 
(It  is  much  more  evident  in  poisouinj^  with  chloral  than  with  the  other 
[■wporifit^,  this  group  pres(*nting  the  same  differences  in  tliis  respect  as 
[tkegmeral  amusthettes.  In  both  eases  it  is  to  be  notetl  that  the  mole- 
lenlrconlaitiing  chlorine  has  the  more  powerfid  action  on  the  cireula- 
lli(»n.  In  chloral  poisoning»as  in  chloroform,  the  eflwt  i»n  the  heart  is 
[•►V'rt'at  as  to  give  rise  to  anxiety  quite  apart  inrnx  the  condition  of  the 
htspimlioij,  anil  in  fact  some  cases  of  poismdng  are  said  to  liave  termi* 
luatwl  with  failure  of  the  pulse  before  the  respiration,  though  this  is 
jttnlikely.     The  extreme  weakness  of  the  heart  may,  however,  aid  the 


»4lati!rtietit  i»  niHclf  that  the  reflex  irritability  is  nt  fin?t  increnj^etl  in  tlie  fmej, 

.      -    *      fttribiitecl  rather  to  the  rt*iiiule  utiefts  t>f  ihc*  l<jciil  irritutioii  ihiiu  to  the 

\^^-^  In' c<tni 

*Sn  :niU»rs  havestAted  that  !*niiill  quantities  of  clih>ral  increase  the  arterinl 

IK  tti%  but  ibis  must  be  ver^  tmnsJeix,  if  present  at  all. 
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direct  action  of  the  drug  in  its  effects  on  the  respimtory  centre.     The 
alterations  in  the  heart  are  similar  to  those  produwd  by  chhimforni,  ] 
llie  aiiriciihir  contracti{iiis  beeoniing  weak  earlier  tlian  the  venlricular, 
and  some  dihitatiiui  oceiirriiig  in  b(»t!i  eharnbers. 

Locally,  chloral  has  an  irritant  action  when  applied  in  concentrated 
siolution  and  this  leads  occ-iisionally  to  nausea  and  vomiting  when  it  is 
prescribed  w^ith  irisnffi(nent  fluid.     This  irritant  action  induces  rcKlness 
and  even  vesicatiun  when  chloral  is  a[>jjlied  to  the  skin  ;  it  is  said  to 
cnrrnde  wlaui  applied  to  unprutected  surfaces,  and  ccrtaiidy  posst?i>sfH 
antihi'ptic  properties  like  ehloroibrni.     It  is  rapidly  absorix^  from  the 
htuniach  and  carried  to  the  central  nervous  system  where  it  is  taken  up 
by  the  cells  until  they  contain  nitire  tlian  the  bhxKJ  enrpuscles  or  the 
cells  of  other  organs  snt*h  as  tlie  liver.     Lielireich  intrmhieed  chloral  as 
a  hypnotic  in  tlie  belief  that  it  was  demniiKised  in  the  blnod  and  chlor- 
oform liberated,  but  this  has  been  shown  tt>  be  erroneotis,  no  ehh^roform 
being  fymml  in  the  Llrmd  or  expired  air  after  chloral,  and  the  drug 
itself  having  been  fouml  in  the  urine  in  condunation  with  glycuronic 
acid.     Chloral   lias  no  action  on  nmscle  or  nerve  in  the  living  animal, 
but  when  it  is  a p] died  to  the  exposed  nerve  it  tirst  irritates  and  later 
}>aralyzes  it,  and  injected  directly  into  the  arter}^  of  a  muscle  it  causes 
immediate  rigor.     The  tenipenitore  falls  after  the  adnnnistintion  of 
chloral  from  the  h^ssened  muscular  movement,  and  perha|>s  from  the 
inereased  output  of  beat  tlu'ough  the  tliiated  skin  vessels. 

The  effects  of  chloral  on  the  tissue-change  have  been  recently  inves- 
tigated and  fr>und  to  corresprmd  very  cloudy  to  those  of  chbroform. 
Thus  fiitty  degetieratiou  f)f  various  organs  has  been  pro4luced  by  the  pro- 
longed administration  of  chloral  and  of  cidoralamidc,  auil  tl»e  incrc^ise 
in  the  nitrogen,  phosphates  anrl  sulphur,  especially  of  the  unoxidized 
sulphur,  in  the  urine  points  to  augUKuted  destruction  of  the  proteids 
ijf  the  hiKly,  together  with  iniperieet  oxidation.  The  acidity  of  the 
urine  is  mncli  increased  l)y  the  preseuee  of  urocldoralic  acid  (a  com- 
bination of  chloral  and  glycuronic  aeid).  The  excessive  pntduction  of 
this  acid  in  the  tissues  has  been  said  tt>  be  the  cause  of  the  alterations 
in  the  nietabnlism,  and  as  a  matter  of  fact  Kleine  l»as  found  that  the 
addition  of  alkaline  wirlKinates  to  the  fon<l  prevents  these  eflects  of 
chloral  CIdonil  was  formerly  supposed  U\  k^ad  to  glycosuria,  but  this 
has  been  shown  to  be  erroneous,  the  reducing  sul)stauce  in  the  urine 
being  uroclilondic  acid,  and  not  sugar.  In  o<ldition  to  this  effect  on 
the  tissues  generally,  less  oxygen  is  absorbed  and  less  carbonic  acid 
excreted  owing  tu  the  diminislied  nniscular  movement. 

Chloi^al  is  reduced  in  the  tisj^nes  to  tricldorethyl  alcohol  (CCljCHpiI) 
w^bicb  combines  with  glycuronic  acid  and  is  excrt^ted  in  this  form  in  the 
nriue.  Some  esca[)es  by  the  kidneys  unchanged,  however,  and  some 
is  thrown  into  the  stomach  and  this  may  account  for  the  nauscji  and 
discomft»rt  felt  after  awaking  in  some  cases. 

Tlie  other  hy|inotics  of  this  series,  with  the  exception  of  chloralose, 
ct^rresfxiud  exactly  with  <*hloral  as  tar  as  their  action  on  the  central 
nervous  sv^^tem   is  concerned.     The  chief  ditference  in  their  effi^cts  is 
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the  circulation  and  metabolism,  which  are  corafmrativ^ely  little 
by  those  which  do  not  possess  substituted  chlorino  atoms, 
liyde  and  gulglma^do  not  affect  tlie  heart  direetly,  altlroiigh 
<*'au^c  a  ^liijfht  accelerution  of  the  puke  thnrnji^h  their  depre^- 
aetionon  theinhibitory  centre.    They  lessen  the  raetaborLsni  thnnigh 
^-'*  -  -•itfti  4>D  the  central  nervous  sy^stem,  l)ut  produce  no  such  marked 
n  in  the  pmteid  decompoi^itioo  sis  follows  the  tid ministration  of 
1 'iraldehyde  resembles  alcohr»I  iu  its  effectj^,  though  it  is  a 
'     p>werful  narcotic  and  rarely  induces  any  symptoms  of  ex- 
Very  large  quantities  of  snlphonal  and  paraldehyde  have 
without  fatal  re^iults,  and  in  fact  without  any  more  serious 
than  pnjlong^ed  unconsciousness,  so  that  they  are  much 
nareotie^  than  chloral.      Paraldcliydc,  liowever,  has  a  most  on- 
it  odor  and  a  hot,  burnint^  taste,  which  renders  its  admiuistra- 
aenaewhat  difficult.     In  addition  it  is  excreted  in  part  by  the 
mainly  in  the  urine,  and  the  odor  remains  in  the  brt^ath 
r  the  patient  awakens.     The  insolubility  of  sulphonal 
ter  renders  its  absorption  very  slow  and   imjx'rfert,  and  slce],>  is 
fore  late  in  following  its  administration,  while,  on  the  other  hand, 
ion,  drowsiness  and  lack  of  energy  are  often  complained  of  the 
tft^r. 
[The  nse  of  sul phonal,  especially  when  prolonged,  has  led  in  some 
[to  a  ;*eries  of  symptoms,  the  m(^st  characteristic  of  wliicli  is  the 
ana*  in  the  urine  of  a  rcddish-browu  pigment,  hfenaatop<^rphy^in, 
i-free  pnMiuct  of  the  dcctmijiosition  of  h^^einnglobin*     This  occurs 
|r  "  ■'  in  antemic  women,  and  is  acconi|mntc*l  by  constipation, 

■  'i: ich  regio n  an d  vo m i 1 1 n g,  wea k ne ss  a r i d  a ta x ia ,  c o n f i is i o n 
ttai  paralysis,  and  eventually  by  suppression  of  the  urine  or  by 
^and  deatiu*     Haitnatoporphyrin  occurs  in  traces  in  tlie  urine  of 
bit  normally  and  iu  much  larger  rpiantitics  after  the  animal  hixs 
sen  tn^ateil  with  sulphonal  (Nculiaiicr).     Its  appearance  in  the  human 
rifte  appears  ilne  to  some  olisenre  cliauge  in  the  bhfotl,  and  not  to  de- 
ng^raent  of  the  renal  functions,  although  iu  one  case  the  kidneys  were 
imii  to  be  diseased,  and  in  animals  the  prolonged  adniinist ration  of 
bonal  often  causes  albn mi u  and  casts  in  the  urine,  while  bcniorrliages 
llidneys  have  been  prodncjHl  in  theni  by  tlie  administration  of  only 
The  amount  of  haemiitoporphyrin  in  the  urine  is  some- 
'  l^tge  ;  in  one  C4ise  Tyson  and  Cmftan  found  that  the  quantity 
in  one  day  indicated  the  destruction  of  one  seventeenth  of  the 
^\  bemoglobin  of  the  body.     Very  large  doses  of  sulphonal  are  siu<l 
|-t&  pmrlmr  lyinvulsive  movements  in  animals,  while  ordinary  ones  cause 
inntl  subsequent  *lrowsiness,     Sulphonal  is  decomposed  in  the  Ijndy 
its  excreted  largely  as  ethylsulphonic  acid  in  the  urine,  in  which 
t  of  the  unchanged  substance  have  also  been  found.     The  decom- 
Ip^illon  is  a  slow  proc(?ss,  however,  for  Kast  fmuid   sulphonal  in  tlie 
pN*rf  many  hours  after  its  administration.     The  ethylsulplioaic  acid 

*()'nifion3illT  the  hrrmiitoporpliirnn  ap|>t'a.r9  several  tlaTs  after  n  single  dose  of  sol- 
P^or  *m  mllies  ^ouiettiuei  nitei  mi  iiitervaJ  of  one  or  two  weekg. 
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seems  to  have  no  action  whatever  in  itj$elfj  so  tliat  the  narcosis  is 
to  the  UDchaiigetl  molec-iile  of  sulphoimh 

8a  I  phonal  ^eems  to  have  some  deleterious  action  on  the  heart  vrl 
nsed  for  long  periods,  and  is  a  much  less  certain  hypnotic  iu  eases 
cardiac   disease   than    in  other   conditions.     In    order  to    avoid 
poisonous  effects,  which  he  regards  as  <hie  to  the  accumulation  of 
drug  in  the  anmeotary  canal  and  blood,  Kast  recommends  tliat  it 
taken  in  small  quantities,  as  far  as  possible  in  solution,  and   that 
administration  l>e  stopped  at  intervals  to  allow  of  the  complete  eliflj 
nation  of  the  sulphonal  already  in  the  system- 

Butylchloral,  or  CrotoncMoral,  was  said  by  Liebreich  to  possess  a  spcdi 
anal|i:esic  ur  aniusthetit."  action  on  the  nerves  of  the  face  and  head^  but  I 
has*  been  ^howu  to  be  incorrect  by  w  Mering,  antL,  as  its  effects  are  idc!i]t]< 
with  those  of  chloral  in  almost  all  respects,  croton chloral  seems  eatii« 
su  peril  uo  LIS. 

CMoralaniide  has  been  iatrodueed  into  therapeutics  in  the  hope  that  I 
stimulant  action  of  the  formamidc,  which  is  formed  by  jt,s  decompositi< 
would  couuteriK't  the  depression  of  the  eircukition  caused  by  chloi-al  aton 
From  blood -press  lire  exjM?riments  it  would  seem  that  chloralamide  Ailfil 
those  expectation.'*,  aud  1ms  little  or  no  action  on  the  circulation  except 
pois«ouous  doses.     It  is  said  to  be  less  irritant  than  chloral  iu  the  stouiat^ 
but  to  be  somewhat  slower  and  less  certain  in  its  etfects.     Chloral  is  fonnd 
by  its  decomposition  in  the  IhmI>%  aud  is  excreted  as  uroehloralic  acid^  Ai 
fatly  degeneration   has  heeo  observed  after  its    prolonged    admin istratloii 
On  the  whole  it  would  seem  to  possess  the  cerebral  action  of  chloral.  wilW 
out  pro<luciug  its  ctfccts  on  the  ciiTulation, 

Amylene  Hydrate,  or  dimethylethylcarbiuol,  has  been  advisefl  as 
hypuolie,  and  is  more  closely  allied  to  paruldtiiyde  in  it.s  effects  tl 
to  any  of  the  others.  It  is  twice  or  thrice  as  powerful  a  hypnotic  as  pan^ 
dehyde,  however,  while  it  is  only  one  half  as  strong  as  chloriiL  It  is  said 
depress  the  heart  Jiiorc  than  paraldehyde,  but  less  than  chlnrul,  and  lo  pi 
diice  excitement  and  couvulsious  in  the  carnivom,  Init  n<*l  in  the  hcrbivari 
Kven  in  man,  it  causes  excitement  more  friHjUcmly  than  most  other  sopoi 
fics,  and  Harnack  and  Meyer  state  that  it  lirst  stimulates  and  then  depress 
the  respiratory  centre  as  well  as  other  parts  of  the  f»eutral  nervous  sj'stvD^ 
and  that  it  induces  a  very  marked  fall  in  the  temperatiire.  The  cardiac  an 
voluntary  muscle  is  first  increased  in  etlicieuey  and  then  dcjux'ssed.  It  hi 
little  or  no  effect  on  the  general  metabolism,  and  is  excreted  in  the  urine i 
com  hi  Jill  t  inn  with  glyturonjc  acid  in  the  rabliit,  hut  seems  to  undergo  cam 
plete  combustion  in  the  tissues  of  the  *Jog  and  in  man.  It  is  less  certain  ii 
its  action  than  4'hloral  but  has  not  received  so  wide  a  trial  as  it  would  yeei 
to  merit.  A  ctuubiiiation  of  chlond  ami  amylene  hydrate  has  been  intro- 
dtired  uuder  the  riauie  of  Dormiol,  hut  otfei's  no  roUautages  over  chloral 

Trional  and   Tetronal  jire  very  similar  to  suli»bunal   in   their  chetnicii 
structure,  and    liave  practically  identical    results  with   it  in   therapcuticSr 
althougii  their  action  on  animals  is  somewhat  more  powerful.     In  some  case* • 
of  treutment  with  trional  luematoporphyriu  ha^  been  found  in  the  urine. 

Urethane  wt>uld  jMjssess  all  the  advantages  of  the  others  with  none  of 
their  disadvantages  were  not  its  effect  on  man  much  weaker  and  lesst^)^' 
staiit.  In  muny  nises  it  is  an  almost  perfeet  byj>uotic\  easily  taken  in  sola- 
tiou^  producing  li^ht  slrep  with  un  after-ellKis,  hut  in  othcri^  it  seems  tO: 
have  little  or  uo  hyiuiotic  eih'et.  It  is  oxidis^ed  in  the  l>o<ly  to  urea* 
5edonal  a[ ►pears  to  have  a  greater  hypnotic  etfect  than  tirethaue,  but  ulsO^ 
fails  to  induce  sleep  iu  a  considerable  proportion  of  ciLses,  It  is  followed  ^ 
no  after-elfeet^  and  is  oxidized  iu  the  body  in  the  aame  way  as  urethaae. 
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KjpWOnB  luu  not  received  extensive  tribal,  but  would  seem  to  he  iiicou^^iaui 
in  m  •Cfecla 

■jpiial,  at  coinbiiiatioD  of  antip>Tine  and  chloml,  has  l>ee»  su^gest^jtl  as  a 
iljFpnollc  tn  eascsR  af  neuralgia,  but  has  not  beeu  used  ktgely  u^  yet^  atid 
mtmuB  id  dooblAil  value. 

OMmalcWi  arti»  much  more  like  mori^hiiie  than  like  t^hlurul^  depres^sing 
tbo  pajdlic^  functioni*^  while  iiuTejvsiiig  the  retlexes  until  n»nvHlH»oTia  re- 
•wbUljg  tliooe  of  *tr>ehnine  may  he  proilut'etl.  The  heart  is  eomijamlively 
tittle  alleetafl,  and  the  respiration  retnaius  t^troug  uutes^  very  large  dost^s  are 
KIvol  In  Quui  it  iudueet*  sleep,  which  ih  Hometime^  attended  by  distinctly 
^JUggerated  reflcses  hawever,  especial iy  wlicn  large  doses  are  given.  Some 
of  the  other  compounds  of  chlonil  with  the  sugar  series  seem  to  promise 
more  «iibf^ictor>'  results, 

Banmal  (CBr^COH)  fiiffciv^  in  several  resjiects  fmm  chhmil  in  its  artioiu 
In  AtttBiels  its  injection  L^  followed  by  restlessness  and  exciteiuciit^  and  then 
Irr  '  -  -  -  'iTch  ii*  often  accompanied  by  ilyspuiea,  and  end.s  in  failure  of 
I  I,  or  in  eonvubiouri.     The  |iupil  is  uiuch  contracted,  atid  pro- 

Ui^^  iNsiivmum  is  oU*H?rved-  It  act-*  tni  the  heart  like  chloral  hut  is  much 
maum  pdkmmmi^^  and  i^^  scarcely  use<l  in  therapeutics. 

Oldositlinta  re«rmble!*  ehlorat  in  m*>st  respects,  l>ut  is  less  liable  to  irritate 
the  ^tomiich  and  do««  not  ap|>ear  to  depress  the  cireubitrou  to  the  same  ex- 
tra t.  Vrry  liirjre  <  1  ost»s  ha  ve  been  s  w a  U  o  wed  without  j  irod  n ei  n  g  a n  y  u n  to warci 
fljmptooifl,  but  the  hypnotic  elfcet.  is  obtained  by  the  use  uf  smaller  doses 
IhMi  art»  nt^eiS'^ary  in  the  cilhc  of  cbtoral.  Tjikechforah  chloretonehas  sK^me 
Vifioes  A9  AH  otitiseptie,  and  in  atblinon  \i  ]ninily/es  the  terminations  of  the 
nry  l>6rV09  when  it  i^  applied  bx-aJiv  and  has  proved  of  value  aij  a  local 


Tolermnce  is  soon  acquired   for  each  of  these  drtigs,  and  when  it   m 

eloped  for  one,  large  il<it^*s  of  any  of  the  others  are  required  in 

ler  10  pr<»duee  sleep.    Tolerance  fur  alojho!  jilsci  involves  the  use  of 

Imqpfr  quant iiit*s  of  the  hypiiotic*s,  and  in  faet  often  leails  to  the  com- 

fiiilure  of  any  except  the  most  [H>werfnL 

t  infn*t|iienlly  the  hypnotic**  lead  to  s^kin  eryptioiis,  especially 
when  ii^ed  for  some  lime.  These  assume  varioiLs  toruH,  the  mostoom- 
inon  lieing  »>f  the  erythema  order,  but  among  otiters  urticaria,  purpura, 
peipalar  erupt  ions  and  blisters  occur, 

&l)it*  ^ — ^  Prolonged  abuse  of  chloral  lends  to  a  eoudition  st»raewbat 
reienibltn^  that  sci^i  in  chninie  ak-oholisiu  or  m<»rphtnisni,  and  marked 
by  i^eml  tlcpres8it>ti  and  ciichexia,  witli  impairment  of  the  mental 
pi«rcT.s  digci^tive  di«^turbance  and  exanthemata.  The  sudden  with- 
drnwul  of  the  drt!g  in  these  casein  has  sometimes  led  to  symptoms  re- 
thtMC  of  <Ielirium  tremens,  whieli  are  especially  d.iugei*ous 
t^,  iig  to  the  fatty  degeneralidn  <d'  tlie  heart  whieh  may  be  present. 

A  few  csuw^s  of  sulphonal  habit  have  also  been  rejHtrted,  but  tliis 
drug  bttai  not  been  known  long  enough  to  jK^rmit  of  il.s  extensive  abuse 
mm  yet 

Pheparatioxh. 

i^ULaEAL-fU,    S,    p.).   CiiLOHAL    Hydras   (B.    R)    (CCl,rn(OH),    or 

tC<        I   71   4-  H|0),  a  cry^taUine  Holid,  of  a  eharaeteristic  fruity  odor,  and 

.  tJisle,  n*-iifHly  solubh*  in  water,  alcohol,  ether  and  oils,  is  almost* 

'inviumhly  prescribod  in  dihtto  solution  in  8>Tup.     Its  deliquedcent  properii^ 
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preclude  its  use  in  moat  of  the  solid  preparat ions,  and  its  irritant  effecl 
ti'uiiMlieate  hypodermic  iujectioii.     Dose,  0.5-2  G.  (10-30  grs.),  wliicli] 
be  rL'j>eated  if  uecui^saryj  in  one  or  two  hours. 

Syrupus  Chloral  (B.  P,),  J-2  fl.  di-s,  (one  drachm  contains  10 
chloral). 

Paraldehydum  (U.  S.  P.,  B.  P.)  (C^H„OJ,  a  colorlesa  fluid  of  s( 
charact^:;risUc  oil  or  and  burniug  taste.  It  may  be  prescribed  in  braudi 
water*  or  in  water  up  to  10'/,  or  in  rapsules.     Dose,  1^  c.c.  (15-60  mt 

SuitPUONAL  tB.    P.)  ((CH3),C(Kt*/"JI.),),   a   ci->'sta!line    powder,  % 
taste  or  odor.     It  uiJiy  he  prLvscribcd  in  puwder  form  t4i  be  t^iken  one 
hours  before  retirinf^,  bnt  is  solubU'  in  hot  water  or  oiilk,  and  when  gi^ 
dilution  uet.^  more  rapidly  and  itiave«  no  confusion  afterwards.     It  tJ] 
scribed  in  doses  of  1-2  G*  (15-30  gns.). 

Btdtf/vMoral  Hydrm  (B.  P.),  i>r  t^^^Voton   chloral  (CH3CHCICCI5CHV 
resembles  chloral  and  is  prescribed  in  the  same  way,  but  i^enerally  in  si 
doscH^UJi-l  G.  (5-15gr8.). 
Nonofficial. 

Trionaf  and  Tefronal  resemble  sulphooal  closely,  and  may  be  prescril 
the  same  duyes  and  fcirras. 

Amyfeni  Hifdrtt^  {{C\\^\ay\lVl\pl\j)^  a  colorless  liquid  of  pungent 
and  of  an  odor  somewhat  resembling  camphor.  It  may  be  prescril 
capsules,  or  up  to  10 ^r  in  water  flavored  with  liquorice  extract,  Doi 
c.c.  (40-80  m.). 

(/rf^Aranum  {NH^CO<X\Hj,  a  crystalline  solid  prescribed  in  wat-er. 
5G. 

Hedmml  a  ci*jstalline  powder  with  a  ts&t^d  resembling  that  of  ment 
very  slightly  soluble  in  water.     Dose,  2  G.  (HO  grs.)  in  powder  or  tablet 

Chlorahimidnm  (€Cl,CH(OH)  — NHCHO)  a  white  crystalline  iM>wder 
vcn,^  faintly  bitter  tai*te.     Prescribed  in  powder,  or  in  solution  in  wat 
spirit.     Dose,  1-3  G.  (15-50  ^m.), 

Chhrahife  (C^H^^Cl^UJ,  colorless  cnt-.^ttals  of  very  bitter  taste  j  it  ini 
preseribi^d  in  capsules.     Dose,  0.15-0.3  G,  (2-5  grs. ). 

Chforetone  (CCl^C(CH^)^OH),  colorless  crj*stals  with  a  strong  camph< 
ous  odor,  sliiichtly  soluble  in  water,  very  soluble  in  alcohol  ;  it  may  l^e 
Bcribcd  in  aqueous  solution  (about  1  per  cent.)  or  better  in  tablets. 
0.3*1  G.  (5-15  grs.)- 

Therapeutic  Uses.  — These  drugs  are  chiefly  u.sed  to  produce  rest 
sleep  in  cases  of  insomnia  and  in  ahnost  every  form  of  oeryoua, 
citement.  Until  the  discovery  of  the  therapeutic  value  of  chh 
opitini  was  used  in  most  of  these  ca.ses,  and  wlien  sleeplessness  is 
to  ]>ain  it  is  still  prefrrahle  to  the  more  modern  remedies,  which 
comparatively  sHght  influence  on  acute  pain,  except  in  very  large  d< 
But  in  delirium,  mania  aud  convulsions  of  various  kinds,  their  ai 
on  the  nerve  centres  is  preferable  to  that  of  opium,  especially  wl 
these  ctmvulsions  are  of  spinal  origin  or  of  a  reflex  nature  ;  tliui 
strychnine  jK)isoning  and  in  tetnnns,  cldoral  is  of  great  value,  alt b 
in  the  former  it  may  liave  to  be  reinforwd  l)y  chloroform  tin  ring  tlF 
convulsions.  In  delirium  from  fever  or  from  in*a?raic  intoxication  Mri 
simihir  causes,  comparatively  small  doses  often  produce  most  satisfac- 
tory results,  and  in  various  spasmodic  afl'cctions,  such  as  cough,  asthinat 
and  choreic  movements,  it  is  exceedingly  useful.  Chloral  has  also  becB 
advised  to  le.*^sen  the  pains  of  hihor. 

]VIost  of  the  soporifics  have  l)een  used  more  or  less  extensively  ^ 
hypnotics  m  simple  insomnia  and  in  insanity,  but  when  the  distufh- 
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^  a  more  violent  (character  there  is  a  disjKisition  to  return 
►  r'  chloral,  as  at  once  the  8j>eediest  and  surest  renietiy  of  the 
Wheu  there  U  any  reason  to  suspect  fatty  degeneration 
the  heart,  however,  paraldehyde  or  ^ome  other  hypootie  wliicli  does 
chlorine  ouglit  to  be  substituted  tor  it.     Chloral  is  ot\en 
tlong  with  opium,  and,  when  thus  eonibined,  f^maller  quan- 
eacrh  drug  are  required  than  would  be  necessary  if  I'iiher  were 
^^  alotie^  and  the  sleep  tbllowing  i^s  very  deep  and  resttuL     It 
t^ed  very  often  to  reinforce  the  action  of  the  bromides. 
Q%hsx  Harcotics  which  for  some  purposes  may  be  substituttMl  fjir  the 
iihefi*  of   the  chloral  grouf)  are  alcolinl^  opium  and  its  alkaloids, 
T»mtdi*^,  hyoscinej  hyoscyamine  and  eaouabis  indica. 
Chloml  has  been  used  externally  as  a  eouuter-irritant  and  antiseptic, 
k  more  expensive  than  many  other  equally  etHcaeious  remtHlies. 
*  «ne  solution  is  an  efficient  local  anaesthetic  on  wounded  sur- 
'twi  has   been   recommended   in  eases  of  ga.strie   irritatif»n  and 
jvoiBitin^,  which  it  relievcii  by  paralyzing  the  terminations  of  the  sen- 
nerved  in  the  raucous  membrane  of  the  stomach. 

of  acute  Poisoning  with  chloral  the  treatment  consists  in 

ite  evacuation  of  the  stomach  by  the  stoinach  hi  be.     Emet- 

'  ss  value  owing  to  the  deprossitKi  of  the  medullary  centres. 

I  patient  ought  to  be  kept  warm  and  cnffeine  or  strychnine  may  be 

a  regpiratory  stimulant^  while  the  complete  failure  of  the 

has  to  l>e  met  by  artificial  respiratioti.      In  acute  poisoning 

be  other  members  of  the  series  tlie  same  genera t  treatment  is  to 

lapplied,  but  the  prognosiB  is  much  more  favorable  tiian  after  chloral ; 

case  in  whie'h  100  (J,  of  sulphonal  were  swallowed,  the  recov- 

'  wa^  attributed  by  the  attendant  physician  to  cc^pioiis  enemata  of 

tt.     In  chronic  poisoning  with  sul|>honal,  the  witlirlrasval  of  tlie 

H;  iii  generally  all  that  is  required*     In  the  chloral  habit,  the  with- 

Iwa!  has  to  be  gradual  and  it  may  be  necessary  to  send  the  jxitient 

(1  retreat, 
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n,     STRYCHNINE  —  NTTX   VOMICA. 

Strvchnine  is  tlio  chief  aikaloici  ocrurrin^  ini^evfrol    g^iA^Ac^f 


Stryclirias4|^  of  wlueli  tlic  be^t^tTown^ire  Strvclinos  niix-vonij^gi  and 
Strvciinos  Igiiatia.  Ifln  found  chiefly  'n  thf  ^^^^^^^  and  is  jrooerajiy 
^ccompatiicd  by  the  jieai^ly  rejated  a[kal^L>id  Bnicijie. 

A  larjre  nnmb(?r  of  alkaloids  have  been  found  to  resemble  Htiyehniiie  in 
tht^ir  action,  f^iich  its  th*.^  Thetmine  ihxiwl  m  opiiiTU,  the  (ifhnnine  of  Gelsemium 
Bempervitvn.s,  ami  the  Oflttbttrine  of  the  Culahar  lu^aat  while  it  ii*  difficult  to 
deeide  whethta*  aeveml  others  t>ught  ti>  be  elas-sed  witlj  morphiae  or  with 
stcychaiiie, 

Stryehaiiie  seetn;^  to  be  a  <tiiinoline  derivative,  although  its  exact  const i- 
tatioa  IS  unknown.  Its  Rmnala  i*  C;|H,^^Nj<X,  while  that  of  brueitie  is 
C,,,ll,.,^N.^O^.  They  itre  both  derivatives  of  a  ,siib^tiiaee  of  the  formula 
Cjj:H,,Ny0.j,  braeiue  diflering  from  stryehnine  iu  having?  tvvu  methoxyl 
j^roups.  It  seeniH  not  uultkcdy  that  tliey  aiv  both  nearly  related  to  eurn- 
rini'j  the  nlkahad  of  eurara,  uhirh  is  derived  from  some  other  apeeies  of  the 
geuuri  fcstrychuas. 

The  alkaloids  of  the  .strychnine  group  have  a  jowx^rfol  Ktimii];^jit 
a<;tion  oil  the  central  nervoii>t  system,  especia  H  y  out  be  ^\}'nn  t.J_c'ord , 
tltroiisj:botit  the  vertebrate  kiiig;doni. 

Symptoms.  —  In  ordinary  therajwutic  doses  stryebnine,  like  otlier 
bitter  substances  (page  05),  improves  tbf  nppe^te  and  often  leadn  to  a 
(lis^tinet  amelioration  of  the  subjeetive  8yni|itonis,  tlve  patient  feeling 
stronger  ami  more  hopefuL  Pbe  pnUe  is  ^enerplly  ftlowiM-  and  the 
artery  feels  h>s.s  eomi>re.S8ihle.  Tliij^poemlse rises  are  rentki-ed  more 
acute  i)v  small  Quantities  of  stryebniiie,  for  differences  can  be  recog- 
nized Ix^tweeu  sha<les  of  color  wijieb  seem  identical  to  tlic  normal 
viision  ;  the  field  of  vision  is  widened,  and  in  certain  eonditions  of 
atoblyopia  liglit  is  r<'n<lered  niueh  more  distinct.  In  the  same  way 
the  In 'El  ring  seems  to  be  more  aeute^  and  tbe  sense  of  tuneb  is  much 
more  delicate.     Some  cases  have  been  noted  iu  which  disagreeable  odors 
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n^re  rendered  pleasant  by  strychnine,  but  this  woulJ  sr^em  to  be  a  rare 
Mioivncnisy.      la  nises  of  Q«>isoiiijjg  with  stryft||iini-,  the  first  symp- 
Um  U  often  a  more  acute  pprp-pptiom  ^^f  ^ ^-(t^rtml  iiltjpi>Li^  hy  the  if^enseg. 
specially  by  tB^ sense  of  touch,  but  this  is  not  generally  ohserv^ed  by 
the  pitieiit^  whose  first  coniphunt  is  of  a  feel i no;  of  stiffness  in  the  mus- 
ses rf  U>c  ueek  and  face,     Thh  is  soon   flillowed  by  an  increased 
ittei  leaietton,  so  that  a  slitj^ht  toucli  c^inses  a  violent  movement,  and 
fv*«!fia»Dam1  or  a  current  of  air  is  sufficient  to  cause  a  smUlen  start. 
The  incrai!*ed  reflex  irritability  is  generally  acconijianiecl  by  some  rest- 
knoeiiiH,  and  animals  sometimes  seem  to  make  atteni[)ts  to  escape  from 
k^ht  t i^h t .     Some  tremor  or  inv^oluntary  twitches  m ay  be  o b se r ve cl  i n 
tfw  limbs,  and  then  a  ^icblen  ennvnUj^gjiif^niir^  ill  which  all  the  mnsclea 
oftlie  Ujdv  are  involved,  btU  in  wliich  the  strou<::cr  extensor  muscles 
ptDmlly  prev^aib      In  animals,  the  head  is  drawn  hack,  the  hind  limbs 
cslemlecl,  and  the  trunk  forms  an  arch  witli  its  concavity  backwards 
(opisthotonos)  (Fig.  13).     In  man,  the  same  convulsions  are  seen  and 

Fm.  13. 


A  T^hbit  durio^  n  str^cliuiae  couvuiaiou. 


mre  aoooDipaniiH)  by  strong  enntm^''*^^^  *^^  ^1^^^  fi^ce  r^msrles^  protbicing 
3  1»:J*^ui-  .m;(|  which  has  been  called  the  r i s u s ^a n j o n icik?.  The  res- 
1^  'Ics  are  invnlvnl  in   tlic  general  paroxysm  ami  the  hlou<l 

*^|*''"T  biysimi^'^  d<H>\ vtrpniyvtl^  fis    is  shown  by  the  b!tii>  iiyjinotjf^iJrir 

n£  tiy  Hy  An<l  f  <ce  iu   raatt^    The   mustiles   ((hA   lianl  and  firm  atlTie 
eoouiieacctaent  of  the  convulsion,  but  very  soon  a  tremor  may  be  made 
whleti  becomes  rnoiv  distinct,  and  after  a  few  intermittent  mntrac- 
Ulic  aoitnal  sinks  back  in  a  ctmditinn  of  prostration  (Fig,  14j,    The 

Fin,  14 


198 


ORGANIC  DRUGS  ACTING  AFTER  ABSORPTION. 


respiratiou  i^jeneraUy  returos,  aoil  hcM?omc:§  fairly  regular  for  a 
titue.      Immi'iliately  after  a  coiivulbioii   the   reflex  irritability 
low,  hut  it  soon  regains  its  furiiier  exag^erat4:'(l  eoiiilition  and  a 
convulsion  twcurs,  i^xaetly  resembhng  the  lirbt.     Mammals,  as  a 
eral  rule,  succumb  after  two   or   three   convulsions,  the   respii 
failing  to  return  after  the  spasm.     In  ^>me  cases,  however,  the 
viilisioiiH  Ix^eome  shorter  and   the   intervals  of  quiescence   longer^ 
respiration    l>LX"oraes    weak,    the    reH^'X    irritability  gmdoallv    le 
and   the  animal  dies  from  asphyxia.     In  frogs,  where  tlic  brca 
can  be   dis|>ensed  wuth  for   long  peri(.)ds,  the  alternation  of  coi 
fiions  and  periods  of  qniescence  may  cojitinue  for  hours  or  dayi*, 
these  are  of  the  same  general  character  as  tl»ose  descrilx^d  in  main 
After  very  large  quantities  uo  couvnlsions  may  occur,  the  animal  d' 
almost  immediately  of  as]ihvxia  from  paralysis  of  the  central  nc] 
system. 

Action. — -Tiie  whoK:*  eUaraeter  of  the  intoxication  iMiints  to  an  afft 
of  the  p&ntipal  Nenrmia  Sy^*^*^™  '^^^'^  it  Ha,^  been  found  that  the  sympi 
are  inialtered  whe^n  tiie  drag  is  preverited  fmni  reaching  the  peri  phi 
nerves  and  mnscles.     The  chief  symptoms  arise  from  the  spini 
for   the  convulsions  are  at  least  as  well   niarked   in  frogs  and 
nials  in   wifieh   tlie  brain   has    been   destroyed  or  severed   below 
medulla  oblongata.     At  the  same  time  the  brain  is  also  believed  to. 
affected,  though  to  a  less  degree.     The  intellect  in  man  remains 
clouded  until  the  end,  except  for  the  aspliyxia  protluced  by  the 
page  of   the   respiration  ;    the  patient   is   jxTfectly   om scions  of 
condition^  and  suffers  exeruciaiing  jjain  from  the  violent  contractioi 
the  muscles.     It  is  siiid  that  the  increased  reflex  may  Ix*  inhibited 
certain  extent  by  the  will,  but  during  the  convulsions  no  streuj 
will  can  cope  with  the  irrital>ility  of  the  spinal  cord. 

The  special  scjt^es  are  rendt>red7^^'^re_aente  by  small  doses  of  gt 
nine  anflthisis  apparently  dim  to  jts  pfH^etR  on  the  central  rh 
system  in  the  case  of  touch,  taste  and  smell,  but  there  is  every  r< 
to  believe  that  the  increase  in  the  field  of  vision  and  the  inci 
sensitiveness  to  slight  differences  in  liglit  are  to  he  attributed  to 
acting  on  the  cells  of  the  retina  and  not  to  cerebral  c!ianges.  For 
when  strychnine  salts  are  injet^ted  in  the  temple  or  a|)plied  to  the  con- 
junctiva, the  sight  of  the  corresptmding  eye  is  im])roved  wliik  tht 
other  remains  unaffected  (Filehne);  if  the  strychnine  acted  centryllvil 
could  do  so  only  Ijy  being  carried  to  the  brain  by  tlie  blood,  but  this 
w^onld  atfeet  each  hemisphere  equfdly,  Tlie  affection  of  one  eve  onlj 
IS  explained  by  the  strychnine  diffusing  I h rough  the  Ivmph  spaces,  and 
this  has  been  sliown  to  occur  in  the  case  of  various  dyes  which  were* 
applied  in  the  sanie  way  and  were  then  found  in  the  retina.  j 

As  regartls  the  effects  of  strychnine  on  the  motcvr  areas  of  the  brain 
some  difference  of. opinion   exists,  although   the  majority  of  those  wIh> 
have  investigated  the  subject  hold  that  the  irritability  of  the  motor  | 
parts   of   the  cortex   is   distinctly    increased   except   during   a  co**'! 
vuhion. 
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eoiivulsions  arc,  ati  has  l>een  ^tated^  of  t>^)iiiiil   ofigin«      It  has 

[^huwrn  in  addition  that  they  are  r«:*flex^  that  provided  no  stimidus 

the   cord  from  vvitliout,  no   couviiUioii  occurs.     As  has  heuii 

reruarked,  the  convulsions  are  preceded  by  a  «tage  of  increased 

t,  aDtl  in  fact  the  first  convulsion  is  often  seen  to  follow  a  stimulus. 

n  blow  or  a  loud   noise.     Afterwards  they  may  seem  to  occur 

il  any  J?iucb  impulse,  but  this  is  merely  liecaiise  a  very  slight  or 

imp-rix-ptible    stimulus    is   enougli    to    induce  them.     For  ex- 

Bl'    :i    slight    contraction   of  a   muscle  may   induce  a  convulsion, 

II  very  frequently  in  the  frog,  where  a  very  slight  stimulus, 

['It   apparently  too  weak  to   cause  a   convulsion,  is   followed  by 

DrdiQary   reflex   eootraction,  and    this    leads    to   a   sj>asm.       The 

of  convulsions  when  external   stimuli   are  cut  off  may,  liow- 

be  demonstrated  conclusively  in   various  ways.     Thus   Fouls- 

I  (fMind  that  a  frog  dipped  iu  cocaine  solution  underwent  no  con- 

'T  strychnine,  the  coeiiiue  used  l>eiu^  suOicieut  to  paralyze 

lermiuations,  but  not  to  have  any  ilirect  etfect  on  the  cord. 

lard  showed  this  even   more  conchisively  by  ilividing  all 

llerior  rtK>ts  of  the  spinal  nerves  in  the  frog  and  then  injecting 

^chmnC)  when  no  convulsions  occurred  except  when  the  ends  of  the 

kWere  stimulated.     The  convulsions  tlieretbre  follow  only  on 

of  an  impulse  from  without   to  the  spinal  cord,  and  are 

ely  a  fnrtlier  development  of  the   preeeiling  stage  of  exaggerated 

irritability.     The  characteristic  feature  of  strychnine  ptjisoniug 

1^  the  re*?ipK>nse  to  external  stimuli.      In  the  un poisoned  animal 

'  rpflex  movement  following  a  stimulus  is  always  of  the  same  kintl ; 

r  example,  if  the  leg  of  a  decapitated  frog  be  dipped  in  acid  it  makes 

mn  movements  to  withdraw  the  limb,  and  no  matter  how  often  the 

ritatiim  lie  repeated,  tlie  same  movements  are  produced »  though  it  is 

^rue  that  if  stronger  acid  be  used  the  movement  is  more  vinlent  and  a 

^hiter  number  of  muscles  are  involved.     In  this  movement  certain 

pSlKl^  contract  while  their  autagtinists  are  inhibited,   for  example 

tDdnimng  the  toe  away  from  an  irritant  the  uuterior  muscles  of  the  leg 

«Mi£met,  while  the  gastrocnemius  is  relaxetl.    The  same  irritation  which 

ppxitjceil  in  the  unpoisi^ned  animal  a  simple  withdrawal  of  the   liml» 

ttow  after  stryeliniue  stronger  and   more  extensive  contraetlouR,  and 

Aemovemeot  is  not  eoutined  to  the  two  hin*!  legs  but  spreads  over  the 

whole  body.     All   the  muscles   contract  together,  there  being  no  in- 

ition  of  antagonists  and   the  residttmt   movement  has  thus  ([uite  a 

m-Ti'nt  result ;  the  gastrocnemius  l)eiug  stronger  than  the  anterior  leg 

n^l«3!S,  the  foot  is  extended  and  thrust  against  the  irritant  instead  of 

►•ng  withdrawn   from  it.     When  an  externid  stinuilus  is  sufficient  to 

im  a  convulsive  m(»vement  in  a  poistmed  animal,  the  contraction  is 

U^ayn maximal  ;  a  stnHiger  stimulus  produces  no  greater  effix't.    It  must 

•  HfruarktHl  that  the  reflex  res|>ouse  to  different  forms  of  stimuli  is  not 

tjiially  altered  liy  strychnine,     Tlie  irritation  of  the  frog's  ftiot  by  very 

**% acting  substances, such  as  dilute  fields,  may  be  followed  by  an  ordi- 

lliary  reflex  movement^  whiJe  a  sadden  shock  causes  a  violent  coiiv\i\s\qt\. 


i 


ORGANIC  DRUGS  AOTISG  AFTER  ABSORPTION, 

Many  attempts  have  been  made  to  di^fiiie  the  exact  seat  of  the  strych- 
nine action  iti  the  spinal  cord  and  altli<»ngh  the  cjnestiun  is  not  abeo* 
lutely  deterniiocii,  there  are  strony  ^r^mnh  ^''^^  *^"^  Iwlii'f  itint  ^Ju*  f^AU 
of  the  anterior   hora  are  no^jigj^i^piy  "^^^^l^^'d   id  the  airy  elm  i  no 

action.  (Fig.  15,)  F«»r  when  strych- 
nine is  applied  in  solulion  lu  tiie  c<ini  of 
the  froj^  al  the  level  of  the  eells  connected 
with  tlie  nerves  to  the  fore  limbs,  irrita- 
tion of  the  foot  prodyces  an  ordinary  re- 
P|>onse  in  tlie  Inml  limbs,  while  tlic  antcr- 
ic»r  part  of  the  li<idy  remains  motionless; 
that  is,  stryehnine  lias^  not  penetrated  tci 
the  cells  connected  with  the  hind  limbs. 
Irritation  of  the  fore  limbs,  on  the  other 
hand,  prodnces  tetanus;  not  only  of  these, 
but  alMO  of  the  hind  limbs,  altliough  the 
motor  cells  of  the  hind  limbs  have  been 
shown  to  be  ontside  the  poi,^oned  area. 
Tetanntj  can,  tlierefore,  be  prodnced  in 
fKirts  ^vliose  motor  cells  are  un poisoned, 
yet  the  increased  fttrength  of  the  con- 
traction w'onld  seem  to  point  to  an  affec- 
tion of  these  cells.  The  explanation 
may  be  that  the  impnlse  reaching  the 
ntotor  cell  is  stronger,  and  that  tlie 
latter  simply  transmits  this  more  powder- 
fid  impulse  as  it  would  a  weaker  one. 
A  theory  that  covers  th&  phpnorQ^na 
h i therto  recx>jjniz£JLig_Jhat  the  ijnpulse 
fra^'el I ng  up  a  nerve  in  an  unpoisoned 
frog  may  pasg  throuj^h  a  large  nurn^er 
ofjuths  in  the  cord^JmL  mrcts  \8,jth 
resistance  ni^i^  11  "^^tvie  oup  ^J^thereiojje 
passes  ahing  the  path  of  least  rt^istance, 
iHvd  produces  a  delinite  resnlj  by  notiyg 
DUgram  of  the*pio»i  cord  of  the  frog.  Ag^  a^xeil-^sQrioG  of  tief^g^uafeUsT  ^ftcr 

A^lf,   tiRi   fKirt   of  Ihe  cord   exposed  to    ^'■*—    ~i      *  i  ■  i  i  •    ,       |" 

ttrychuiiie,    B-(\  ihi»  uMnrTecff^d  Kone,   gtrvchnmc  Uic  same  impulse  reachmg:  the 

Ad  i*tiinil!M>  reacbiL^  Itiecord  ibri»ugli  the      '^-^ ,    ,      ,        n  -i ~  ^i~ Ti"^  "    ^ 

M»ii»nry  fiiirc  A'lia-sM-s  u*  the  mijtor  celts   coru  tinds  all  1 1 1  cpat  I )  s  eo  n  a  1  iy  ea  fe,y  f^ti  n  d^ 

ffftdfllrnhices  an  onhBiirv  reflex  move-    ^i  /.  T*     •  i^^^     i  "  rx-     ^  'i 

nieiH.  jshowing  that  tht*  cells  FF  are  not  tlierctorc,  di viGcs  and  attectsjLVj^ry  FfH^^h 

At  the 


nn  impuiJe  reachiii»i  ihc  mni  tknr,ugb  th«  larger  numbcr  ot  motor  cells 

»«Q.x>ry  fthrc  7;ejiufre^  tttflnlccoDvulsioua    eami^  tiniP  h^ss  PllPftrv  \h  ^tif^nt   III   TMls*^imr 

inMoT  tM»n»  F' F'  which  are  tiiitieron)  tbronirb   resistance,  a  irreater    force  re- 

tDfltieuceof  tliepoUon,  but  alio  in  th(]>«o  -  i  i     i  i 

Buj^pUed  by  FF,  which  have  been  ahowa   mauis  to  he  expended  on  the  motor  cells, 

f  from  the  wtrycbatDf  nctlao.  ,    ,  /  .  *        i  ^* 

and  tnenmscular  movement  is,  tnerefore, 
much  exaggerated.  It  ib  quite  impossible  at  present  to  state  the  exact 
point  at  which  strychrjine  removes  the  resistance  to  the  passage  of 
impulses.  It  does  not  seen)  located  itj  the  cells  of  the  anterior  horn,  for, 
as  has  been  mentioned,  tetanus  may  be  elicited  when  they  are  certainly 
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Dal  affected  by  strychnine.     On  the  other  Jiand,  the  cells  of  the  spinal 

ganglion  are  not  requisite,  for  htiiiiuhititm  of  the  posterior  nHit  sets  up 
titasius  in  frDgs  |>oisontM.l  witli  strycbiHiie,  in  whicli  the  section  of  the  root 
luij!*  UuTum  the  spinal  giinglion  out  of  action*  Tlie  jwiiison  niiKst,  there- 
furr,  act  at  sonic  |x>int  betwt*en  the  eutnniee  of  the  sensory  root  inttK  the 
cord  and  ibe  motor  cells.'  It  must  be  remarked  that  while  the  resist- 
u  *i  redueetl,  it  is  u<jt  entirely  removed  and  the  ordinary  path 

i-  \  hat  more  easily  traversed  tiiim  tiie  others,  for  verv  weak 

irriiatian  often  caUi^es  an  ordinary  reHex  r€^)K>nse  in  the  frog,  wliile 
di^lillr  «trong<*r  stimukis  throws  it  into  o|)isthotonos,  Biiglioni  has 
neenUy  »hown  that  a  single  stininlus  is  not  snffieient  to  cause  ermiplete 
lrtanu!«,  Imt  ihat  tlie  movement  induced  hy  tlie  firj^t  shock  leads  to 
aeeuodary  titimnli  arising  from  the  joints  and  tendons  which  are  moved  ; 
tbe  arrival  of  these  secondary  slimnli  in  the  cord  maintains  it  in 
mctivity^  and  the  muscles  c(msequently  remain  contracted  until  the 
cord  h  faligutHl  and  refuses  to  rpact  tti  the  pei*sistent  stimuli  from  the 
peripliery.  The  muscles  tlicn  relax  and  an  interval  of  qnietscence  fol- 
lam  ttntil  tbe  cortl  has  recovered  its  irritability, 

Bee^ided  the  spinal  cord,  all  other  regions  in  wdiieh  simple  reflex  can 
be  pnKlucc*d  are  afteeted  by  strychnine.  Thus  the  nuHlullary  centres 
are  thrown  into  the  sjime  conditi*»n,  atid  their  resjM>nses  to  stimuli  are 
eqoally  exaggt^rateil ;  but  they  are  in  constant  receipt  of  impulses,  and 
Btrydinine  by  incit^asing  the  etticiency  of  these  augments  the  tone  of 
thf  iiiHlnlln  oblongata,  when  it  is  given  in  small  cpjantities.  The  in- 
crea?-*  '  '  Wy  of  the  higher  reflex  ai*eas  may  in  tact  lessen  or  inhibit 
ibr  it  I  ly  uf  the  t*4>rd,  so  that  the  reflex  resjMUise  from  the  latter 
may  be  fitrcDgtbened  by  the  removal  of  the  bmin  and  medulla  oblon- 

g»lit. 

Artificial  res^pinttion  has  been  shown  to  delay  the  oni*et  of  convnil- 
mm9  in  animals,  and  t  )sterwald  has  rei-ently  proved  that  the  same  effect 
may  be  obtained  by  the  inhalation  of  oxygen  ;  animals  survive  a  dose 
crm^Mlerablv  higher  than  that  ordinarily  fatal  if  they  are  placed  in  an 

I  jhnn  of  the  spina)  r*ird  hy  stn^ehjiine  is  followed  by^e- 
Evcn  during  tlie  ^rt^t  stage  tlie  stimulation  is 
..  . ,    .    ,,...  li  ,  _  .  :  fij,  for  though  a  more  violent  respmse  is  induced 
by  a  fiefi^ry  MimnUi*,  this  cannot  be  rej>eated  s^i  often  as  in  the  nor- 
a**  tbe  ci>rd  l>ecomes  fatigued  more  readily,     Tlie  sensory  purl 
pinal  conl  ^ivms  to  be   pamlyztnl  somewhat  earlier  than  the 
r  eelby  but  these  also  lose  their  irritability  after  a  time  and  no 
*....iM*r  mo\Tmeiit  can  Ih*  elicitiJ  either  by  reflex  or  by  direct  stimu- 
lation of  the  cord* 

Str      '    *      -iJi'enm  to  have  no  din^^t  action  on  the  voluntary  Mnscles  : 
h  hat  minute  cyuantities  increase  their  tonCj  that  is»  render 


*T1iiQaodciof '^"'  '"Uiof  the  nnlcrinr  horn  in  the  spinal  civft]   l»:ivt'  Inkmi  found 
tabr-  -:h  jMiifionerl  with  <*trychnine,  hut  thiH  ip  olworvLHl  hU*  utter 

laniliiti  <^7«ftlfl  to  irulit^itt^  hyjwracttvity  of  the  cell,  which  nc^  not 

neooHuUj  tw  dur  to  direct  action  of  the  |Knmti  on  ll. 
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them  laovv  t(jtist',  so  that  they  are  prepared  thr  immeJiate  contraction, 
but  thi?4  is  due  tu  aetion  on  the  erjrd  and  not  ou  tlie  mus^ele  fibres. 

The  Tenniiiations  of  the  Motor  Nerves  nrejjurah  zckI  \}y  larjirp  fjggff^ 
of  stryefiniite  hi  the  sanje  way  a^  by  eurani.  Tiiiis  effect  is  i^tuircely 
secti  in  nianniiaii^^  a??  central  |niraly.si.s  idwayfi  precedei^  it  and  destroys 
life,  but  in  some  si>ecies  of  frogs  llie  nerve  ends  are  paralyzed  Ix^dbre 
the  central  nervous  system,  lliis  jjaralysis  is  not  dne  to  the  exhaus- 
tion of  the  nerve  ends  through  the  tetimus,  Init  is  a  direct  aclion  on  the 
terminations,  altliougfi  the  exhanstion  nmy  contribnte  to  the  result. 

The  Respiration  is  quickened  a|i<J  deepenej  hy  smnll  quan^itf^  of 
strychnine,  tlie  action  oq  tlie  centre  bcinj^  exactly  parallel  to  that  on 
the  spinal  cord,^  During  the  eonvnlsions,  the  lireathing  is  arrested  by 
the  violent  cuntraction  of  the  diap!ir.ijtji:ni  and  the  other  respiratory 
iniisclesj  hut  during  the  intennissions  it  continues  fairly  regular. 
After  one  or  two  sjmsms  it  often  fails  to  be  reinstatefl,  and  the  animal 
dies  of  asphyxia  ;  in  other  experimetits  it  undergoes  a  gradual  diminu- 
tion in  rate  and  strength,  and  eventually  ceases  from  gradual  paralysis 
of  the  centre. 

Fig,  16. 


Tli«  ttood-preseiirt!  lrai:ii}g  nf  &  c«t  under  utrychalfie,  Rhawiog  tbe  uiartcKl  risfi  during  a  «puiB. 

Jn  f^ogH  y^ry  l;nrge  (pinnhf  lea  rIow  and  wpfiben  the  Baart.  .bv  .diriict 
action,  but  in  nianinuds  it  is  not  directly  affected  by  strychnine,  thi>ugh 
Die  Stimulation  of  the  inhibitory  centre  leads  to  a  slightly  slower 
rliythm.  Occasionally  acceleration  of  the  heart  is  seen  during  and 
after  a  convulsinn,  and  this  is  |jnihahly  dne  to  the  muscular  exertion, 
and  may  l>e  eoinpareil  to  that  seen  after  violent  movements  in  ordinary 
life.  Thc_sli_mu[ati(>Ti  of  the  T^^-r\f*^^^ei^tre  leads  to  a  constriction 
of  the  peri4>Jierp^  i^^t't^Tif^les  Strychnine  in  small  quantities  therefore 
3ow8tiie  heart  and  raises  the  Ijlood-pressure,  unless  in  exceptional 
case^  wlieiv  the  shnviiig  of  the  heart  is  so  great  as  to  connteract  the 
contraction  of  the  arterioles. 

'  A«'or(!ing  to  Ttnpem  (Arch,  iiitornnt.  de  Pbammcodyn.,  VL,p.  15^),  tbis  occtin 
in  the  nibbit  unJy  vrlnfii  Miliiciiint  htrvehiiiiie  k  iujected  tu  t-ause  spiisms. 
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Biing  the  convulsions  the  bloml -pressure  is  raiPied  to  an  extreme 
bt,  partly  omng  to  the  uctivity  uf  tlie  vu.so-niotor  centre  and  jH-r* 
jwirtly  trurn  the  bhx»d  Ix^iug  pressed  out  of  t!ie  alKlunutml  organs 
ihe   muscles  by  their  violent  contmetion.     Immediately  after  a 
eun^mbioti  the  blmid-pressure  falls,  probably  from  the  exhaustion  id" 
iCTDtre.     The  blood -pressure  remains  elevatiHl  mueli  longer  in  eura- 
ihau  in  uncurarized  animals,  wliieh    would  seem  to  indieate  tliat 
ffall  in  pressure  is   partly  due  to  the  substanees  prodrieed   l>y  miis- 
ractivity.     The  constrietion  heems   to  affeet  mainly  the  internal 
while  those  of  the  skin  and  perhaps  of  the  muscles  are  dilated, 
[the  bloo«l  current  is,  therefore,  deflected  largely  from  the  internal 
to  the  skin  and   limbs.     The  cause  of  the  dilatation   of  these 
«ls  is  pnihably  stimulation  of  vasoHlilator  areas  in  the  medulla. 
The  heart  continues  to  beat  long  after  the  ba^athing  hai^  ceased,  and 
firtifirial    respiration  be  had  recourse  to,  may  remain  active  an  in- 
nite  time* 

In  the  Alimentary  Tract,  strychnine  has  the  same  action  as  any  other 

littfr  substance,  and  it  produces  a  flow  of  saliva  and  increased  appetite 

■If Jgken  before  meals.     (See  Stomachic   Bitters,  page  55,)     Ft  seisms 

Itok  abs^irbeil  from  the  intestine  mainly.     Aller  absorptifm  it  probably 

inrrraks  the  activity  of  the  eentntl  ajijiaratus  regulating  tiie  movement 

of  the  L»i»\vel,  but  the  results  in  man  and  in  most  animals  have  not  been 

^isoenained  with  exactness. 

Ket&boUsm.  —  Strychnine  produces  an  enormous  activity  of  the  mus- 

de^,  HQtl,  therefore,  increases  very  greatly  the  consumption  of_oxj^gen 

I gtl  thiMHicput  of  carbonic  acuL     'lliis  increascHl  excre t i o n  1 1 f  ca rhon ie 

liraJcjccurs,  though  to  a  less  extent,  even  when  the  muscular  coutrac' 

llJoo  has  been  previously  eliminated  l>y  curara,  and  must,  therefore,  be 

I  fern  part  to  the  contraction   of  the  involuntary  muscle  of  the  vas- 

Icukr  walls  and  perhaps   to   the   increased   metabolism  of  the  central 

iiystem. 

The jiagmentaticin  of  the  oxidation  in  the  tissues  is  accom})anied_by 

I     »n  iitmased  formation  ofJicai^^jjiicit^-wajildJi^U^      d  risTTn  the  tem- 

^.pnitnre  of  the^ody_were^^uut   counteracted  by  an   ef|Ual  or  even 

■fitater  increase  ia^tg^difisipatim7  throngli  the  skin.     The  result  oT  the 

Hinlmc!lun~oT  these  t^"o  factors  is  tliat  in  spite  of  an  increased  warmth 

Ippvlucrion  the  internal   temjjcrature   is  generally   lowered  in  rabbits, 

while  a  flight  rise  in  the   tliermometer  is  sometimes  seen  in  dogs  and 

<^t.<    The  ^kin   temjx'rature,  iin   the  other   hand,  rises  eonsidembly 

w<^us<^  ni'ire  hhm<\  Hows  thnjugh  it  than  usmd. 

In  the  fny.  the  administration  of  strychnine  is  often  followed  by 
gher^jiuria.  This  di»es  not  seem  to  occur  in  adult  mammals  but  is 
'^laetiines  observed  in  young  dr>gs,  in  which,  as  in  frogs  at  certain 
s^'wnji,  there  is  a  large  aceiimulatiou  of  glycogen  in  the  liver.  Dernant 
stales  that  strychnine,  even  in  small  ([uautities,  causes  the  glyeugeu  of 
^'^  liver  and  muscle*  tti  disappear;  the  increased  muscular  movement 
^ndtb  disturbance  of  the  respiration  are  probably  the  explanation  of 
^th  of  thes€  phenomeij^* 
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Strvctiniae  is  eIiaiiii:it4Ml  i|i  \\\\^  tjpnn  ^^^^^^^  lu  excretioa  begitid 
soon  after  its  iiijecUnii,  but  is  exceedingly  t^low,  tiud  tlie  reiiction  is 
often  given  by  the  uriue  for  3-H  days  nkucwanh,  Tnict^  of  tbe  alka- 
loid also  ap|)ear  in  the  stomach  after  its  hypodermic  injection,  and  it  is 
not  improbable  that  some  of  it  nudergoes  oxidation  in  the  tissues. 

The  statement  that  a  tolerance  can  be  acquired  ftjr  strychnine  when 
it  is  given  for  some  time  has  been  proved  quite  incorrect  (Hare). 

The  action  of  stryclmine  is  almost  identical  tliroughout  the  vertebrate 
kitigdom,  Man  \s  more  susceptible  than  other  mammals,  and  young  ani- 
iDuls  ure  more  refructory  than  ntlult:^,  perhaps  owing  to  the  less  developed 
condition  of  the  eentral  nervous  system*  The  domestic  fowl  tolerates  com- 
paratively larj^e  qUiiutitics  without  «ymptoras.  Amon^  the  invertebrates, 
the  roaction  to  strychnine  seems  to  vary  considerably ;  in  the  medusm 
iiym^iloms  of  increased  irritahiiity  and  typical  convulsions  are  produced  by 
it  {Romanes),  while  in  the  eiab  slightly  increased  movement  may  he  observed 
occtisionsiUy,  hut  the  chief  etfect  seems  to  be  dcjiression  and  eventual 
pamlysis*  The  snail  is  said  to  be  practiciilly  immone.  Tlie  lemperaiure  of 
the  animal  has  some  influence  on  the  action  of  the  poison,  for  frogs  react 
more  readily  when  heated  than  when  kept  in  the  cold,  the  heat  seeming  to 
increiise  the  activity  of  the  cent  ml  nervous  system. 

^rucine,  thj^scotnnl  alkitloid  of  irux  yomtC^.  resembles  stry^UP"^**  pln^fjy 
yj^ctmn  j>m  IS  maet^  w^k^,  from  BO  to  40  times  as  large  a  do^e  being  re- 
qmred  to7>rodaee  the  same  eflx*ct.  It  differs  from  str>^'hoine  also  in  {lOHsess- 
ing  a  much  more  powerful  action  on  the  nerve  terminations  in  voluntary 
muscle,  especially  in  some  species  of  frog.  It  is  credited  wiih  weak  local 
amesthetic  properties, 

Calabariue  and  gelsemine  are  chiefly  of  interest  as  imparities  which 
occur  along  with  the  more  important  alkaloids  of  the  Calabar  lieiin  and  of 
Gelsemium,  w^hiie  tliehaine  forms  a  eonnccting  link  between  the  opium  alka- 
loids and  strychnine,  and  will  be  discussed  along  with  the  morphiae  series  j 
it  seems  to  sUmd  midway  between  strj^rhnine  and  brucine  in  toxicity. 


Preparatioxs. 

Nux  Vomica  (IT,  H.  P.,  B.  P.),  the  seeds  of  Btrychnos  nux-vomica,  contains 
0.9-2  percent,  of  strychnine  and  0.7-1.5  per  cent,  of  brucine,  along  with 
tannin,  which  gives  a  dark  green  coloration  with  iron  salts.  The  powdered 
bean  is  occasionally  ]>rescr»l>erl  iit  doses  of  0.0*5-0.25  (?.  (1-4  grs,). 

[R^^'Tt^vrTrM  Nucis  VoMlc.K  (U.  8.  P.,  B.  R),  0.015-0.06  G.  (J-l  gr.), 
lyintrhftfi  Nucin  Vomiat  Ftukhtm  (IL  S,  l\),  0  OG^.3  c.c.  (1-5  mius.). 
Exfriiflum  Nuci^  Vomiae  Litpiidum  (B,  P.),  1-^i  mins, 
TiNCTiTijA  Xufis  VoMtc.E  (U.  8.  P.,  B,  P.),  0,3-1  e.c.  (5-15  mins.). 
Strt/chnimt  {V .  8.  P.,  B.  P.).  0.002-0.004  O.  (^'j-'/i  gr.).  /     .i 

Stryciinix.e  Sulpuas  (IT.  S.  P,),  0.O02-4J,004  G.  (jVi^  g^-)*  A^^^  - 
Strvohnin  K  TIviiHoruLOKjLn'M  (B.  IM,  7>'ff-iVRr, 
IJqnor  Sfrfjchniiiti'  Htfilrorhtoridi  (B.  P>)  (1  percent.),  2-8  ml  as, 
Ferri  et  sfrifchnimc  Citra^  (U,  8.  P.),  0,0(i-0.2  G.  (1-3  grs,). 
Sj^rupm  Ferrij  QHininm,  et  Stryehnitue  Phasphatiim  {U.  8.  P.),  4-8  c.c»  (1-2 
ft.  drs.). 

St/rtipiis  Fr'rri  Phosphath  cum  Qiiinina  ct  iStrtfchnitia  (B.  P.),  J-1  fl*  dr. 
Tbe  extract  i:-i  generally  prescribed  in  pill  form,  while  strvchnine  sulphate 
or  hydrochlorate  may  he  jjjiven  in  solution,  pill  or  tablet ;  where  rapid  action 
is  desired,  it  m  injected  suheutaneoo8ly.  The  tinrture  is  lar^rely  u.-<cd  as  a 
stomachic  bitter,  and  the  imii  jirep;iratinn^  in  eondilioii*^  of  sijeneral  debility. 
I(jnatia,  the  need  of  8trychaoa  I  gnat  in  (8t.  Ignatiy?*  bean),  wuih  formerly 
incloded  in  the  IT.  8.  P.,  but  has  bi*cn  excluded  from  the  la^st  edition. 
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Mrmeima  fs  not  tihanoacopc^iut  but  is  sometimes  prescribed  in   doE^es  of 

Therapeutic  Uses.  —  Stryelinine  is  iisod  ]?irfrf>|lv  for  iis  local  action  on 
the  dipLf^iive  or^;ins  ag^  a  t>  to  nine  hie  hi  iter,  and  is  gcnemtly  prt?serilxHl 
in  the  form  of  the  ^cture  or  one  of  flu-  <;xir:it;|.^  for  tliis  purpose,  as 
ia  tlitd  way  it  it*  much  less  liable  to  absorptit^n  than  wh<jn  ^/wrn  as  an 
^kaloidal  salt.  It  may  he  comhineil  with  the  cinchoiiM  pn^jiunitioas 
or  with  one  of  the  simple  hitters. 

Smali  quantities  of  Htrychnine  are  of  benefit  in  many  ill-defined  et>u- 
ditioiis  of  weakoe^,  cachexia  and  '*  want  of  tone  *'  generally^     The 
Its  are  probably  partly  dnc  to  its  stomachic  effeets  in  increasing 

etite  aad  digestion,  init  tlie  aetiou  on  the  centr.il   nervons  system 

Gumot  be  overlooked.  The  sh^rht  increase  in  the  irritahility  of  the 
oanl  probably  leads  to  an  iniprovx»ment  in  almost  all  of  the  nntritive 
{uik0lioii8  through  increasing  the  contraction  of  the  vessels  and  pro- 
dacilie  greater  activity  of  the  ninseles.  In  this  way  strychnine  per- 
haps deserves  the  name  of  **  tonic  "  more  tlian  most  of  tlic  drngs  to 
which  it  is  applied. 

A^  a  stimulant  to  the  central  nervous  system  '  strychnine  has  found 
wide  application  in  almost  every  form  of  pamlysis,  and  as  long  as  dis- 
liiif?l  anatomical  lesions  of  the  central  nervons  axis  are  absent,  it  may 
be  of  benefit;   for  instance,  it  is  often  vahiable  in  h^ad  poisoning  ;  but 
where  the  c^mtinuity  of  the  axis  is  broken  by  ha?niorrliage  or  by  the 
dcstntction  of  the  nen^e  celb,  little  improvement  h  to  lie  antiei|>nteil^ 
fffJin  its  rise,  though  it  may  serve  to  dehiy  or  prevent  tlie  atnipliy  of 
periphcnd  nerves  and  njuseles  in  some  of  these  ciises.      When  the  par- 
alyMS  is  due  to  an  inllammatory  pro(H?ss,  strychnine  is  to  be  ns(^l  with       ^j 
the  greatest  care,  or  is  perhaps  better  avoided  entirely  aa  long  as  the         ** 
irritation  U  present,  as  it  seems  to  increase  and  prolong  the  inflamma- 
tion when  used  early  in  tliese  t»ast^s, 

Strychnine  is  used  as  a  respiratory  stimulant  in  some  forms  of^pnl- 
toooary  disease  in  which  it  is  desirable  tt>  increase  the  resiiiratmiMjr  to 
provoke  c<iughing;  It  has  been  advised  in  failure  of  the  respiratifin 
«1oe'  ■  :,  '1 'sia,  and  is  certainly  more  likely  U)  he  licoeficial  than 
tk^     _  ^'**^^v  of  drugs  snggest^^l   for  this  purpose.     T<»o  large 

miiHt  not  be  injected  in  these  eases,  however,  a8  stryclniine 
Jes  the  rr?spiratory  centre  itself  wlien  given  in  excess.  In  either 
forms  of  poisoning  in  whicli  the  respinit*>ry  centre  seems  in  danger, 
and  in  sh(H*k,  strychnine  muy  also  he  nf  service,  especially  when  it  is 
injected  hyfXHicrmically*  Other  n\spiratory  stimulants  whieli  miiy  l>e 
solifilituted  f*vr  strychnine  for  some  purtioses  are  caffeine  and  atro|iine. 

lo  amaurosis  or  amblyopia  unassiK'iatcd  with  atrophy  of  the  o|>tic 
nerve,  and  even  in  commencing  atrophy,  strychnine  has  frequently  ini- 
prn%*c*l  the  vision.  In  many  cases  it  fails  to  produce  any  benefit,  and 
the  exact  crmditions  in  which  improvement  can  be  looked  for  are  un- 
known. 

*  Other  cent  ml  ncrrons  stiinnlnnts  are  OaffemOt  Atropine* 
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Strychnine  seems  to  be  of  benefit  m  ijfir]if>  casea  of  lip^rf.  rl^j^qj» 
nnti  is  nf>rn -supposed  to  linvc  ji.  tlirprj  J^^'^i^*"  ^"  thflt  orgap.  Any  im- 
provenient  wliit'h  may  be  produced  by  it^  however,  must  be  attributed 
to  the  constriction  of  the  vessels,  and  the  indications  for  its  use  would 
seem  to  \ye  a  hjvv  lUood-pressure.  The  inereasetl  arterial  tension  may 
be  prejudicial  to  the  heart  in  some  conditions,  througli  increasing  the 
resistance  against  which  it  has  to  contract.  The  heart  rhythm  is  also 
sk>wer  after  strychnine  has  been  adniinistercdj  owing  to  stiniuhition 
of  the  iidiibitory  centre.  A  simihir  ctteet  foUows  the  use  of  aconite, 
vemtruni,  and  digitalis,  though  in  the  case  of  the  hist  it  is  accompanied 
by  changes  in  the  lieart  which  are  not  induced  by  the  others, 

Stryclmine  is  s^l  to  be  of  yaliie  in  chromic  alcoholism  in  lessening  the 
dA;]2e^si<^»n  "which  forms  one  of  the  chief  difficulties  in  the  treatment. 

Tlie  other  alkaloids  of  this  series  do  not  seem  to  liavc  any  proper- 
ties which  woukl  entitle  them  tti  a  position  in  therapeutics. 

FoisoEiiig.  —  In  cases  of  strychnine  poisoning,  the  first  treatment 
consists  in  the  evacuation  of  the  stomach  by  means  of  emetics,  or  bet- 
ter by  the  stomach  tul^e  ;  it  mny  be  necessary  to  give  chkirotbrni  as  the 
attempt  to  pass  tlie  tube  is  oil  en  followed  by  violent  convulsions. 
Preparations  of  tannic  acid,  sucli  as  strong  te;i,  may  be  given  in  order 
to  form  the  insokil>le  tannate,  which,  however,  must  be  removed  as 
quickly  as  possible,  as  it  is  broken  up  by  the  acid  gastric  juice  and 
the  strychnine  is  rapidly  absorlied.  To  coml>at  tlie  convulsions,  de- 
pressauls  tt*  the  central  nervous  system  should  lie  given,  and,  although 
chloral  is  usually  advisi^d,  cliloruform  or  ether  is  often  preferable. 
It  is  unnecessary  to  pniduce  deep  ana>sthesia,  a  few  whiils  of  chloro- 
(brm  being  often  sufficient  to  alhiy  the  convulsions.  The  advantage 
of  the  iuiR*sthelics  over  chlural  is  that  they  ciin  be  removed  if  any 
gym|)trvrns  of  St ry cbni lie  paralysis  appear.  Ojrium  has  bixn  suggested, 
but  is  not  nearly  so  efficacitms  in  strychnine  poisoning  as  members  of 
tlic  methane  series*  If  the  paralysis  comes  on,  artificial  respiration 
may  be  attempted,  although  the  poison  is  excreted  too  slowly  from 
the  organism  to  permit  of  much  ho])e  of  recovery. 
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piam  has  been  used  in  medicine  since  a  very  remote  period,  and 

mogli  many  aubstitiites  have  been  proposed  fur  it  of  late  years,  it 

occupies  a  position  of  itis  own  in  tliera|ieutiL'^.      It  is  the  dried 

of  the  Pa  pa  v  e  r  ^f  >  n\  ni  fi^  rii  ||i .  a  po]i|)y  whieli  is  grown  eliiefly  in 

,  China,  Egypt,  Persia  and  Asia  ilinor,  hut  has  been  eultivated 

r  dimates  and   is  said   to   proJuee  a   more   powerful   opium 

Opium  owe^  its  aetivity  to  a  large  nnmher  of  alkaloids,  of 

h  }[orphuu  is  the  most  important.     Other.'^  are  Qidat^,  £is£iaiQ- 

ebai lie ^  Oodamtnr^  iMudafiini'.   Latulanosim:  Pajmrrrme, 

Ln  nthop ines  (V ifjifof t i ue ,  Ptxtiofihn^  Papfjrer(fmitAi\  Rfwm^ 

opine.  Many  of  these,  nowever,  octnir  only  in  traces.  The 
lount  of  alkaloid?!  in  opium  varies  frt>m  aljfnit  5—25  |>er  cent., 
different  specimens  may  contain  very  <litferent  quantities  of  each 
Old;  for  instance,  morphine  may  vary  from  2.7-22.8  |)er  cent, 
average  percentage  of  mtjrphine  is  10,  of  iiarcotine  G,  papaverine 
ine  0*5,  thebaine  0.3  and  nareetne  0,2  ;  the  otiiers  nc^ur  in  too 
qiumtity  to  have  any  influence  nn  the  aetinn  of  the  eriide  drug. 
TW  alkaloids  are  found  in  opium  in  ccKnbiiiatiuu  with  raeconic,  lactic 
*iJ  .sulphuric  acids.  The  empirical  form u lie  of  most  of  the  alkaloids 
W  Wn  determined,  those  of  the  most  important  being  morphine 
'((;,H^^NO^),  codeine  (C\JI,iNO,),  nareotine  (C..JI,,.^NO^),  pupavcrine 
(t'w^HjjXOJ,  thebaine  (C^jH,^,NO.^).  The  constitutions  of  several  are 
own, and  these  appear  to  be  isoijuinollne  derivatives,  hut  the  struetural 
(^rmulie  of  morphine  and  codeine  tire  still  undecideil,  and  tlie  majority 
<>nnvcstigdtors  are  n<>w  inclineil  to  liclu've  that  they  do  not  belong  to 
<b^pyridine-qninoline  alkaloids.  Morj>hine  apparently  contains  }jhe- 
Daithrene  (C^^H^^j),  a  hydrocarbon  isomeric  with  anthracene,  combined 
*'th  a  nitrogenous  radicle  wdiieh  is  probably  morpholine  ; '  it  possesses 
<^'o  hydmxyls  and  the  substitution  of  one  of  these  by  mcthoxy!  forms 
™mif.  Thebaine  and  se\eral  others  appear  to  be  closely  related  to 
•"^f^rp'^iae,  and  it  is  not  improbable  that  they  may  all  eventually  prove 
^W  mope  nearly  rchited  than  their  reactions  would  seem  to  indiwit-o 
*l  present. 

action  of  opium  is  due  to  the  large  amount  of  morphine  con- 

fonnuU  for  morphine  accepted  as  most  probable  at  present  is 
(•  u  /,m^  /N(CH,1-CII, 
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tained  in  it,  the  other  alkaloids  bein^  present  in  too  small  fjiiantit 
modify  its  dibcts  a])preriul)ly*  Morpliine  acts  cbiefly  on  the  eel 
nervous  sy?^tem  altliough  it  also  afleetH  sortie  j>eriplieral  organs,! 
as  tlie  intestine.  Its  action  varies  eonsideraljly  in  diilerenl  anil 
and  it  is  therefore  necessary  to  consider  its  eifeets  at  8t>me  length  ( 
the  ditleivnt  classes. 

Symptoms.-^The  Frog  is  renmrkably  tolerant  of  morphine,  no  ehij 
whatsoever  following  the  iujeetion  of  quantities  which  wonld  cansei 
tinct  symptoms  in  man.  The  first  symptoms  elicited  are  a  dimint 
of  the  spontaneous  movements ;  the  animal  sits  still  unless  distur 
but  then  moves  in  a  j>erfeetly  normal  manner.  Later  the  moveti 
L»ecome  clumsy  and  ill-coordiiia{«J,  and  at  the  same  time  they 
elieitt^d  less  easily.  At  a  somewhat  more  advanced  stage  of  the  intj 
ication,  the  animal  makes  no  movement  when  placed  in  abnoB 
positions,  as  on  it»  back,  which  indicates  that  it  has  lost  entiPelj 
power  of  preserving  its  equilihrinin.  The  spinal  eord  maintainal 
irritability,  but  in  a  lower  degree  tlian  nsual,  as  is  shown  by  the  rt^ 
movements  being  weaker  than  in  the  nupoisoned  tmg.  This  eoiiditi 
may  last  for  several  hours,  when  a  series  of  sym|jtoms  of  an  entiJ! 
difterent  natnre  appear.  The  I'eflex  response  to  irritation  is  distind 
depresseil  during  tlie  first  stage,  but  in  this  second  phase  it  begins^ 
i-eturuj  and  eventually  a  condition  of  exaggerale<l  reflex  irritabitf 
sets  in.  This  development  first  affects  the  muscles  of  respiratf 
but  soon  sjjreads  over  the  whole  spinal  ccjrd,  so  that  the  amditi 
wmes  to  resemble  exactly  that  noted  in  stryehnine  poisoning,  exc 
that  the  frog  seems  more  easily  ex  1 1  misted  tlum  after  moderate  qua 
ties  of  strychnine.  The  same  tetanic  eontraetions  of  the  muscles  I 
to  be  seen,  however,  with  opisthotonos  and  cessation  of  the  respirati 
interrupted  by  periods  of  quiescence  and  exhaustion.  The  anin 
may  it'cover  from  this  stage,  in  \vhi(*h  ease  it  again  passes  through  ' 
stage  of  dcjiresston,  but  it  frequently  dies  during  it  from  exhaust! 
and  jmralysis  of  the  central  nervous  system. 

In  Mammals,  morplune  pnidut^s  sym{)toras  resembling  those  S€€ll!§ 
the  frog,  first  de|>ression  of  the  voluntary  movements,  and  Jater  a  niarfc 
increase  in  the  reflex  irritability.     The  relative  ijupurtance  of  these  t 
stages  differs,  however,  in  the  difiereut  classes^  and  indeed  in  diflen 
imlividutds  of  the  same  class.     Thus  in  the  eat  and  in  all  the  otH 
felidffi,  and  in  the  horse  and  ass  morphine  seems  rather  to  increase  1 
to  diminish  movement.     The  animal  runs  about  the  room  or  in  a  ciri 
and  seems  unable  to  remain  at  rest  for  a  moment.     At  the  same  tin 
depression  of  the  intelligence  and  of  the  power  of  perception  makes! 
seTf  manifest,  for  no  definite  attempts  at  escape  are  UKide  and  obslacf 
arc  not  avoided  so  carefully  as  by  tlie  unp(n*soned  animal.      Eventua 
convulsions  similar  to  those  seen  after  strvehoinc  are  develtqied. 
the  dog,  on  t  he  other  baud,  the  drjvrcssant  action  of  the  drug  is  the  mfll 
highly  dcvehipcd,  at  any  rate  after  small  doses.     The  first  symptom] 
not  infreqnetitly  vomiting  and  dcfajcatiou,  and  then  the  animal  pas 
into  n  ]}gbt  sleep,  from  which  he  can  be  easily  aroused  by  toncliiagor 
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by  noiaa,  bat  which  rapidly  Ix'^oomos  deeper,  sf>  that  greater  force  has 
to  be  iifst-tl  l4i  waken  hiiiK  Wlieii  onoe  awakened,  lie  seems  to  sleep  le^a 
k.^vily  for  a  j^hort  time,  and  a  oiiu-li  ."-lij^liter  ?>timnlMs  \s  euotigh  to 
i-e  him  if  it  In  tipplied  slkhi  afterwards.  Wlu'ii  awakened  lie  may 
peT&rtii  ap^Htiviitly  vtiluntarv  iniivenieiits  fi>r  a  .sliort  time,  altiioiigli 
moris  duaiijily  than  in  his  nurniul  state,  but  no  eum[iiete  euJiseimis- 
Drj^  1*1  jire^mt,  the  animal  is  stupid  and  dmwsy  and  .soon  sinks  hack 
into  df*ep  sUimber  again.  The  sensation  of  pain  seems  to  be  mucli 
lt^*iened  hut  not  entirely  atxilished,  and  reilex  movements  are  tlifii- 
iruU  k»  elieil.  After  larger  quantities  an  exaggerated  .seusil>ihiy  to 
external  stimulation  seems  present,  for  the  animal  starts  eonv'ul- 
5i%i»Iy  nt  laud  sounds  and  on  pinetiing,  hut  wlien  left  nnilistnrl>ed  tie:* 
T-  ^^        '  -leep.     The  respiration  is  at  first  fjuiek  and  dyspmeie,  the 

as   if  after  a   l*ing   run,  but  later  it  beromes  slow  and 
lubiiE  P'M^^'  '*  narro\v<*d  ;  tfie  eirculution  sei*ms   less  aiFeeted, 

mUhiJi.^ jngeiition  of  the  skin  and  month  is  often  observed.     The 

fftag^  af  strychnine- like  eonvukk^ns  is  not  developed  in  the  dog^ 
aItl)oufl:h  the  reflex  irritability  may  be  distinetly  inereased  by  large 
cjuautitir^,  J^i^t  beftrt*  the  res[*i ration  tiually  eea.ses»  eonvnlsions 
genrnillj  iwcnr,  but  fhesf*  are  as[>hyxiul  in  origin  and  are  not  due  to 
direct  action  of  the  alkaloirl.  In  the  rabbit  and  otiier  rodents  the 
iptofilH  are  similar  to  those  s<'i*n  in  the  dog,  but  the  depress  ion  is 
more  marked.  An  increase  in  the  reflex  irritability  to  external 
ttation  i^  abo  evident  here,  while  the  respiration  is  slowed  from  the 
bcgamifll^.  Small  quantities  of  morphine  produce  drowsiness  in  the 
bom;,  ms  or  g<>ttt,  larger  qnantitit^s  restlessness  and  excitement  which 
majr  pass  into  convulsions  and  death.  Harley  fiamd  excitement  and 
mabmtfiMt&ily  coma  and  death  produced  by  morphine  injections  in  the 

Id  Btrdit.  morphine  causes  vomiting,  drowsiness,  sleep  and  stn|ior, 

i4hm'  and  imperfect  respinition,  very  mneh  as  in  mammals.      It 

[•0  Pe|>eatcdly  sUit^^il  that  pigeons  possess  a  higli  degree  of  t4»ler- 

\  for  morphine,  but  this  doe.s  not  seem  correct,  for  though  in  com- 

with  all  the  lower  unimaU  they  are  much  less  susceptible  to  its 

ttlueoee  than  man,  the  tolerance  doea  not  seem  much  greater  than  that 

and  dogs  when  the<Irng  is  ndministered  by |K>derm really.     It 

be  nbsorlK*d  with  difficulty  from  the  crop, 

Man,  smalt  quantities  of  nn^rphine   lessen  tire  voluntary  mo%*e- 

it»  And  pnidud'  a  iirown§ine-ss  which  s*>in  |iasseji  into  sleep,  nnlesH 

patient  i»  continually  aroused  by  hin  gurroundingn.     As  long  m  he 

i\i*akc,  U\a  ac^lious  and  mm'enients  show  nothing  abuortnal,  but 

I  <>shible  to  keep  his  attention  directed  in  any  oljjret   IVir  loiig^ 

03  sinm  o^  he  is  letlt  to  himself  for  a  few  rnoments  tie  sinks  into 

!!p4     After  j^mull  quantities  there  is  no  <lif!iculty  in  arousing  him  ;  in 

1,  tli^  sleep  seems  lighter  than  usual  and   may  resemble  rather  a 

of  a!>»tniction  or  *' brown  study''      In  this  condition   the  im- 

itjon  is  Dot  depre^^siHl  tt^  the  8ame  extent  as  the  reason,  and  it  in 

Atatcd,  therefore,  that  opium  at  lirs^t  stimulates  the  intellectual 

14 
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powers.     This   is  inot^rreet,  however  —  the  !?clt-control  and  judgan 
are  levelled,  and  altliough  the  ;?treiini  of  thought  may  seem  mr»re  fumki 
and  the  iraages  more  vivid  thau  usual,  the  logical  sequence  is  loet, 
the  condition  may  ratlier  be  compared  to  dreaming  than   to  a  rml 
crease  of  the  iutelleitua!  powers.      In  particular,  the  patient  has  oj 
no  idea  of  time.     This  t^tage  of  abstraction  is  not  by  any  means 
enilly  oI>servctl  and  soon  parses  into  sleep,  but  tlie  unchecked  i; 
tiou  may  still  jM^mist  in  the  form  of  dreiims. 

In  larger  quantities  morphine  produces  deep,  dreamless  sleep,  fi 
which   Uie  patient  is  still  easily  aroused,   but  which   returns  at  OJ 
when   he  is  It^ft  undisturbed.      When  once  aroused,   he  can  be 
awake  or  can  l)e  aroused  agiun  after  a  short  interval  much  more 
some  time  ehipsing  ap|wirently  iK^fore  the  same  degree  of  depressioiii 
reached  again.     As  the  dose  is  increased,  tlje  sleep  deepens  into  toi 
from  wliich  he  can  be  wakened  oidy  with  difficulty,  and  eventually 
efforts  to  arouse  his  attention  are  fruitless  and  he  sinks  into 
which   may  be  reached  very  soon   after  a  large  dose.     During 
deeper  sleep  and  coma  the  respiration  is  very  slow,  the  pulse  is 
lar,  full,  and  of  moderate  speed.     The  pupils  are  contracted  to  a 
point  and  the  mouth  and  throat  are  tlry.     The  face  is  purple  and 
gestedj  and  the  skin  feels  warm,  altliough  the  tcmj>erature  may  he 
The  breathing  generally  becomes  slower  and  weaker,  and  occ-asiai 
periodic  (Cheyne-Stokes).    The  cyanosis  increases,  the  pulse 
smaHer  and  often  quicker,  the  pupils  remain  c<jntracted,  but  cliliB 
widely  just  before  the  final  arrest  of  the  repiratiou,      Tlie  heart  c<>n- 
finues  to  bea t  fe e bl  \'  ft) r  a  s 1 1 o  r t  t i  m e  aTter wa r J s .   ~^ 

After  small  doses  of  nior[>hine  tlie  patient  generally  awakes  refre*;h<Hl, 
and,  save  for  an  occasional  dryness  of  tlie  throat  and  slight  nauso, 
apparently  quite  normal.  Not  infrequeuil y,  howe%*cr,  lieadaclie  is  tMilfl* 
plained  of,  and  sometimes  nausea  and  vcmiitiug,  accompanied  by  marked 
depression.  In  rare  eases  delirium,  and  even  convulsions,  have  be«il 
observed  soon  after  its  injection,  but  these  symptoms  of  excitement  aw 
so  rare  in  the  luinian  subject  as  to  l>e  classed  as  idiosyncrasieto.  Some 
skin  affections,  sucli  as  i telling  and  redness,  are  occasionally  seen  wbife 
the  action  is  passing  t^ff. 

Action. — The  action  of  morphine  on  the  CeEtral  Nervous  System  seems 
to  consist  then  of  a  mixture  of  stimulntion  and  depression,  which  are 
not  equally  marked,  liowever,  throughout  the  divisions  of  the  tx»ntnil 
axis.  The  depression  seems  to  be  produced  mainly  in  the  hruiRt 
especially  in  those  parts  associated  with  the  higher  intellectual  facul- 
ties, while  the  stimulation  affects  first  the  spinal  cord.  It  seems  likelf 
that  in  different  animals  these  two  opposing  influences  prevail  to  vary* 
ing  extents,  so  that  in  some  the  stimulant  action  extends  to  the  bruiOr 
as  in  l\vv  eat,  while  in  man  the  depressant  action  dmninates  the  wbote 
central  nervous  system,  at  any  mte  when  moderate  quantities  are  used* 
The  action  on  the  brain  is  elicited  by  smaller  quantities  than  that  oi* 
the  ct>rd,  so  that  the  first  effect  €>f  morphine  is  general  intellectual  ^'^^ 
pre,ssum^  whil^  the  increased  aeUvlly  of  the   syinal   functions  ia  utJy 
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rT«*ry  large  quanti tic-?.    Thi??  selective  action  of  raorphitic  is  es- 

rident  in  the  moduUaoblonguta^  in  wliicii  certain  centre-^areeii- 

rprimlirzeil  before  Deighboringoae?^  urnlergo  any  distinct  modification. 

therefore,  seems  to  (Xinibine  in  itself  the  properties;  of 

f  strychnine  ;  like  the  former,  it  depresses  the  functions 

iitiou  aoTcoordmation  of  the  hntin,  while,  like  the  latter,  it  in- 

thi?  activity  of  the  s[Vinal  cord. 

Teet  of  morphine  on  the  Spinal  Cord  has  been  studied  alraost 
Rvely  in  the  frof^.  The  reflex  irritability  in  these  aniraak  h  first 
ai^hetl  t(*  a  slight  extent,  and  then  increased  to  tlie  same  degree 
•jtrychnine.  It  Heems  difficult  to  l>elieve  that  the  same  drug 
cau^  first  depression  and  theu  stimulation  of  a  function,  but  it 
ghmrn  in  the  description  of  the  action  of  strychnine  that  all 
BDtfi  of  the  spinal  cord  are  not  involved  in  the  changes  ])ro- 
by  that  poison,  and  a  possible  explanation  would  be  that  wliile 
qUEintities  of  morphine  lessen  the  ability  of  the  motor  cells  to 
lout  iaipuli^es,  larger  quantities  increase  the  activity  of  the  recep- 
ind  transmitting  cells,  so  as  to  compensate  for  the  depression  of 
loto r  eel  I s  an d  e  ve n t  u al  1  y  t  o  co 1 1 eea \  their  depress io n  e n  t i  r el y, 
1  will  l>e  shown  in  the  discussion  of  the  effects  of  morphine  on  the 
itory  centre  that  some  grounds  exist  for  the  belief  that  the 
'  ftmetioDs  are  depressefl  Ivy  morphine,  but  this  explanation  of  its 
ion  the  cord  must  \ye  looked  U[)yu  merely  as  a  preliminary  hypoth- 
1  account  for  the  phenurnenaJ 
hypothesis  of  oppMsing  action  on  the  motor  and  sensory  cle- 
ients  of  the  conl  would  explain  the  different  residts  observed  in  dif- 
fewnt  clashes  of  animals  Ijy  assuming  that  the  depressant  effects  on 
^mcitiir  apparatus  are  more  developed  in  one  class,  while  in  another 
nitimulation  of  the  receptive  apparatus  is  the  predominating  feature. 
Pfcto  lie  rc»marked  that  in  all  animals  the  cord  is  less  depresscxl  than 
nt  the  oor responding  stage  of  chloral  poisonings  fi)r  if  two  auiuKds  are 
^  b  the  one  with  morphine,  the  other  with  chloral,  until  no 
y  movements  occur,  the  reflexes  of  the  one  pnistmctl  with 
pliine  are  always  found  more  active  than  those  of  the  other, 
he  effects  of  morphine  on  the  Brain  are  no  less  difficult  to  account 
Itbnn  those  on  the  cord.  In  the  frog,  the  symptoms  of  increasing 
Nsion  corresp^>nd  to  those  observed  after  the  removal  in  sue«\ssion 
he  cerebral  lobes,  the  corpora  quadrigemitia,  the  cerebellum  and 
[ine<Iulla  oblongata.  In  man,  it  is  often  found  that  compimitivcly 
ill  ipiantitic^  are  sufficient  to  dtraden  or  e\^en  entirely  remove  the 
of  disease  without  rendering  the  patient  unconscious.  The  in- 
ti'Hoe  i^  not  so  acute  as  normally,  but  lie  answers  questions  and 
Itcrses  freely  ami  may  even  seem  aiuiormally  sensitive  to  impres- 
'  called  by  loud  noises  or  bright  flashes  of  light.  Animals  in  this 
iitioa  may  be  subjeetetl  without  resistance  to  what  would  ordi- 

FTH^nM  ♦'xplanaticm,  which  attrihntfd  tb<:*  inrren<p«l  tictivitjof  the  spinnl  enrd  toils 
trom  thf  inhitiitory  iif-'tion  of  thebniin  (liroiigh  ihtM-urobnil  depresjiiion, 
lL*«|MJfcr^,  fnr  tt*tal  de<rnif'fion  of  tfto  hrtin  dtK'H  duL  give  rise  lo  ike  ftX- 
r  morensetjt^  elicited  by  murpltinv  in  the  frog. 
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narily  invrilve  eonsidentble  jmiii,  provided  the  applicatiaii  be  not  sud 
di'nly  made.     If  striu'k  siitldcmly,  ha\vt?ver,  they  reaot  as  usual,  aud 
remain  ap{mreTitly  as  sen.'^itive  as   UHual   for  ir^uma  time,     Murplmie 
then  ^^iims  tt>^ lessen  the  pDwer  of  eonce*n tracing  the  attention.     A^ 
Iurigji8_au^'  stimulus  is  of  eonstMnt  strength^  Ix^  it  an  internal  pain  or 
a  noise  or  light,  tlie  morphinized  individual  remains  niieunsci<ms  of  it. 
On  the  other  hand,  a  sl»oek  is  at  once  perceived,  and  t fie  lethargy  lK*hig 
for  the  mnmcnt  dispelled,  he  reacts  to  his  snrronndings  for  a  short  time, 
hut  IS  inciipalde  of  prfdcmged  attention  ami  soon  sinks  into  stupor  again. 
Morphine  in  m*Klerate  quantities  seems  lo  have  hut  lilth'  efFect  axi 
the  irritability  (*f  the  ninlor  areas  of  the  hrain   eurlex,  luit  in  larg"^ 
quantiHes  it  lowers  and  eventually  abolishes  it.      Exiier  found  i\* 
alteration  in  tlie  time  elapsing  between  the  percept  ion  of  a  flash  of  ligbi 
and  a  preconcerted  movement,  wliile  others  have  found  that  the 

aetinn  to  a  slight  toueli  was  re?-* 
tardixL  Tliis  would  agree  with  tli^ 
hypothesis  iutrmhieed  uI)ove — th«3 
power  of  altention  is  k^ssened  antl 
slight  stimuli  are,  therefore,  per- 
ce  i  \'e(  i  r n  o  re  s  1  o  w  1  y ,  w  li  i  1  e  a  s  t  ro  nge r 
impression  is  perceiveil  and  act^ 
upon  after  the  usual  intervah 

Several  observers  iiave  investi- 
gated the  relative  sensibility  of  the 
skin  liefore  and  after  morphine. 
The  method  employed  was  to  meas- 
ure the  smallest  distance  on  the  skin 
at  which  the  person  could  recognize 
two  punts  as  distinct.  In  every 
case  it  was  found  that  the  ability  to 
do  this  was  lessened  by  morphine 
owing  to  the  central  depression,  the 
drug  seeming  not  to  have  any  direct 
action  on  the  sensory  organs  them- 
selves. Various  authors  have  ex- 
amined the  cortical  cells  after  mor- 
}  J I  u  n  e  w  i  t  h  t  h  e  h  ( qie  of  li  n  d  i  n  g  sruue 
histological  clnuiges  produced  by  it. 
The  results  are  discordant,  how- 
ever, and  altemtions  said  to  be 
characteristic  by  one  investigator 
have  l>ecn  shown  to  be  due  to  the 
histologieal  nieiliods  used  by  him. 
Before  closing  tlie  eonsideralion 
of  the  action  of  morphine  on  the 
central  nervous  system,  it  may  In?  well  to  discuss  its  effects  on  the 
Eespiration.  In  man  and  in  must  otiier  animals  tlic  respiration  is 
slowed  by  morphine  from  the  begiuniog  {Fig*    17),  but  in  the  dog 


Blajj^ram  of  Oie  volmor  of  nir  In^tilred  by  a 
rabbit  diiiiug  morfihitie  uarconiH.  u,  jfijecticiu 
or  lutirpluni*.  Tbe  amoiiMl  l-*  lut^a^ured  in  c.c. 
uloiig  Um  |ier|»{3udiculur,  while  tbo  titm*  Is  meas- 
ured nhin^  t\w  tiorij^oiHal  liui?.  At  fiMi  ntiont 
940  c.L\  U  inaplTiHi  in  'l^-^  mlnnivis,  but  afti^r  (he 
iiijeclion  of  niorftliiup,  .V,  tht*  volume  fulls  to 
abimt  2<I0  c,L\  nud  In  lUfllrttalriHl  at  200-M(MI 
Ihruughout    tlio    exp^irioifut.      (Aflfr    Stuii^- 


IM  SERIES. 


:.na 


ItlK^rr  i^  often  a  preliininarv  stage  of  rapid,  jKinting  broathitig,  wiiiclj 
fnisr,  bowwer,  b^  sew^ndury  to  the  emetic  mid  purgative  effects.  The 
'  n^piratiofi  id  man  i^  at  tirst  somewhat  di^eper  thau  usual,  hut  the  in- 
cfejH'  in  llii^  depth  is  not  suffieient  to  coiiuterl)alancc  the  slowness  of 
dr  breathing,  s*>  that  the  uir  iiLspired  per  niiuute  is  cunsiderably  re- 
dorri;  in  the  later  stages  it  l)eec»mes  Khallnwer  and  is  oft^n  irregti- 
Ltr.  This  irr^ularity  may  have  a  periodic  character,  a  series  of  deep 
rt^pinLtionn  being  followed  by  several  progressively  weaker  ones  and 
Huti  hy  iHinipleti*  inactivity  for  several  seconds.  The  breathing  then 
recooaruences  with  a  very  slight  movement,  followed  by  a  series  in- 
fft^^iii^  regularly  in  strength  and  then  again  decreasing.  This  form 
of  rvf^pimtion  (Clieyne-Stokes)  is  seen  in  various  pathological  cotHli' 
ti'itii  and  has  received  different  explanations,^  but  is  proliably  ilne  to 
flj  •  •   fi  on  the  respiratory  centre     It  has  been  nicntinncfl  already 

tb  the  animal  is  once  artnised  repeate<l   movements  are  mtirli 

fUoivi«!istly  f*lieiti*«h  and  it  wouki  seem  probable  that  the  aeeumulatiou 
"*"    r'vinic  acid  and  other  poisons  and  the  lack  of  oxygen  in  tlie  blood 
'  thf  pause  eventually  awaken  the  torjiiil  centre,  w4iich  causes  a 
"^  rnent*     The  next  movement  is  larger  owing  to  the  [KTsist- 

itip  :y  of  the  centre  and  this  continues  nntil^  the  blood  becoming 

\9m  v«QOUs,  the  stimnluj^  becomes  weaker  and  the  cells  sink  again  Into 
thetr  former  toqwr,  to  he  again  resuscitated  by  the  increasing  venosity 
of  llie  bhM>d.  Loinvy  has  examine<l  with  particular  care  the  condition 
of  the  ttrspiratory  centre,  ami  foimd  that  mneh  larger  cpiantities  of  cnr- 
ktnic  acid  than  usual  were  requii-ed  to  increase  the  volume  of  the  re- 
spired air  a  given  degree.  His  results  may  indic^it^?  that  the  power  of 
•en  *  If   impulses  as  well  as  c»f  receiving  theui  is  lesseneil  by  mnr- 

pbi  Ic  the  narcotics  of  the  methane  series  may  [i>erhaps  less<*u  die 

reoepljvity  of  tlie  centn?  without  lessening  its  jwwer  to  emit  impulses. 
XT   largit  do^s   the  respiration    becomes  gradually   slower  and 

Fio.  18, 
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tm^lraloii  lit  npxwm  poivoniiif ,    THe  up ftlrolcM  d«iioie ImplnUoii.    (After  Pii^kiutk  ) 

voiker,  aiid  often  losi-s  its  |>eriodic  character.  Even  after  conseiou9r- 
aOM  fliiU  to  W  arousLHl  by  the  most  jxiwerfu!  shocks,  s<>nu^  iufbience 
my  be  exertotl  on  the  respirat<»ry  centre.  Thus  the  suilden  a[>|jlication 
of  o«dd  wafer  may  eaiuse  several  deep  respirations^  although  it  fails  U^ 
•lhi|K!l  the  stupor,  but  the  respimtiou  fimilly  fails  to  n^aet  to  these  ap 
plicaiinns  and  soon  afterwards  ceases. 


^  4rcfMdlii||  la  Fllcluif,  tc  U  milled  bv  nltenuite  constrictioti  and  dilatntioti  of  tli* 
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To  sum  up  the  acU^nj^f  morphme  ou  the  central  nervous  sj 
it  pn53uoei  great  depression  jvhich  is  espeeially  marked  in  thel 
chical  fimctious,  but  spreads  o%"er  the  lower  jiarl^  of  the  nervon 
and  invoh^es  sooner  or  later  the  respiratory  centre.     Thif^  depp 
doeij  not  seem  to  affect  so  rauch  the  motor  areas  as  the  jiowers  < 
will  and  attention.     In  mammals  the  failure  of  the  respiration  ck 
course  of  the  intoxication,  but  in  the  cold-bloodeil  animals  a  fii 
clevelopraent  of  excessive  reflex  irritability  follows  which  mnyl 
into  tonic  convulsions.     Even  in  the  higher  animals  some  indie 
I  of  thi^  action  on  the  cord  may  occur,  and  in  the  feline  group  tliis  stj 
'  lation  involves  not  only  the  cord,  but  also  the  motor  areas  of  the  T 
apparently. 

Morphine  has  little  dirwt  action  mi   the  Circulation.      The  hed 
often  hlightly  accelemtcd   at    first,   |^»erhai»s   I'roju   the   slight  na 
The  frog^s  heart  is  rendered  slow  and  weak  by  very  large  qiiantitid 
morphine.- 

The  bIo<xl-pressure  remains  high    and   the  peripheral   arterie 
general  show  no  cimnge  of  calibre,  with  the  exceptir»n  of  those  ofl 
skin,  especially  of  the  head  and  neck,  which  are  dilated,  renderitigj 
fac*e  flushed  and  hot ;  as  asphyxia  conies  on  tlie  flush  iK^comes 
dusky  and  cyanotic,  but  the  vessels  remain  dilated,  si>  that  tlje  fa< 
of  a  bloated,  purple  color.    The  dilatation  of  these  vessels  has  littte 
flueiice  on  the  genenxl  pressure.     It  arises  from  some  obscure  ce 
action,  but  it  is  unknown  whether  this  is  of  the  nature  of  stimuli 
or  of  depression.    The  dilatation  of  the  8U|KTHcial  vessels  cnuscs  a « 
of  warmth  in  the  skin,  wliieli  is  occasionally  followed  by  itching  J 
discomfort.     It  may  account  in  part  fl>r  the  increasetl  perspiratiofK 
obser%'ed,  although   tliis  is  doubtless  contributed  to  by  ctther  fac 
As  asphyxia  advances,  the  pulse  may  become  slow,  while  tljc  bloi 
pressure  varies,  either  rising  from  the  asphyxial  activity  of  the  \% 
motor  centre  or  falling  fnnn  the  slowness  of  the  heart.     These  eff 
arc  entirely  absent  if  the  bloml  l>e  sutliciendy  aerated  by  artificial  i 
pi  rat  ion,  and  are,  therefore,  to  be  regarded  as  indirect  results  of  J 
action  on  the  respirators^  centre. 

It  is  asserted  that  the  pulse  is  S(»metimes  accelerated  and  weak  I 
fore  deiufij  but  this  docs  not  seem  a  constant  feature  and  lias  RH'eivP 
no  explanation,  unless  (ischeidlen*s  statement  that  the  terminations  of 
the  vagus  in  the  heart  are  paralyzed  be  accepted  as  sufficient  to  ao- 
count  for  it. 

The  selective  action  of  morphine  is  thus  excellently  illustrated  in  its 
effects  on  the  medulla  oblongata,  for  tlie  respiratory  centre  is  paraly«<l 
before  the  centres  fi>r  cartliac  inhibitiun  and  vaso-constriction  up^ 
affected  to  any  marked  extent.  ^| 

The  jveripheral  Muscles  and  Nerves  am  §lso  unaffected  by  ronrphB^ 
in  any  except  overwhelming  doses.     Even  when  directly  applietl  to 

*  Ramard  states  that  the  cut'*  heart  dilates  more  completely  and  also  contmcte  n">*^ 
i9trtHijy:ly  under  morphine^  but  thia  is  opposed  to  earlier  investigations  and  <»iUK>i  ^'^ 
received  witljout  coHtirmiition. 
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f  it  has  bat  little  effect  on  the  irritabitky  (Waller).  When  raor- 
phiDe  i^  injected  subt'iitancH.JUsly  iii  tlie  frog  in  large  quantities,  it 
li-jieMis  the  power  o{  the  end-organs  to  transmit  impulses,  but  no  such 
fffipd  is  noted  iu  mammals.  It  is  often  stattfl  that  the  sen,^ory  termi- 
ii;:  I  nil y  zed  b  v  m<  i rp h i  n e,  a nd  .so  1  u  t  io  n s  a  re  t  h e re  fo re  i  uj ectef  1 

inr  ►f  pain*  or  liniments  are  rublx'd  into  the  skin  over  it,  but 

aa  a  nwttiT  of  fart,  morphine  seems  entirely  dev^oid  of  any  such  local 
mim.    The  sensibility  of  the  skin  is  lowered  by  an  injection,  it  is 
llrw,  bi»t  no  more  so  at  the  polut  of  appheation  than  iu  other  partiii  of 
the^Mly^  ^:o  that  thr  act  i* hi  appears  to  be  eentra!, 

Tbe  Pupil  nn<ierg«H?s  eluiraeteristie  elianges  in  morphine  poisoniug. 
In  this  great  raajority  of  cases  in  jman»  the  pu^il  is  c<^^)ntmeted  to  pin- 
pftiot  dimensions  until  just  before  the  final  asptiyxia,  wlien  it  dilates 
fiJtilj,  In  some  animals,  such  as  the  dog  and  njiihit,  the  same  i-tlt-cts 
iltscen,  while  in  birds  the  pupil  rruiains  unafleete^l,  ao<l  in  animals  in 
*hich  morphine  <Tauscs  movtMueut  and  excitement,  il  is  dilated  widely, 
Tbeoition  is  undonbteilly  central,  and  not  due  to  any  locid  changes  in 
tbi*^,  A  nnml>er  of  other  drugs  prudnex?  et|ually  markt'd  contrac- 
tion of  the  pupil,  but  these  have  the  same  action  wIh'u  ciroppod  into 
the  tyjtijtnietival  sac,  while  m<>rphinc  lia-^  no  effect  when  ai*plit'il  in 
thi»  way  ;  atn*|iiuc  applie<l  to  the  conjnnetiva  at  once  removes  the 
myoHs  nrodnced  by  mr>rphinc.  The  termirud  dilatation  seen  in  man 
^VJIot  (lue  lo  any  direct  action  of  the  poison,  hut  is  a  result  of  the 
ISentI  ii!iphyxia. 

Xa  a  general  rule  the  Secretory  Glands  seem  to  Ik*  rendereil  less  ac- 
tire  than  nsnal  by  morphine.  When  it  pnMJuees  oaustni^  however,  it 
^may  inerea?*e  the  saliva  and  tlie  mucus,  but  these  are  tlie  usual  aeeom- 
's  of  this  condition  aud  eannrjt  be  tTmsidered  due  to  any  sjMX'ial 
the  poison*  The  sweat  glands  are  exceptiiius  to  the  geuemi 
jlt%  however,  for  slight  pers^mtion  5s  generally  observe^l  from  the 
ipeutte  action,  and  pro]  use  pers  [>i  nit  Ion  is  seen  befoi^  death  in  some 
in  man  from  tlie  effects  of  the  asphyxia.  The  urine  dues  not 
lily  show  any  distinct  alteratiou  after  m(tr|)hiue  iu  man,  but 
\  \b  not  iufreipicntly  retention  in  the  bladder  l»eeause  the  sphincter 
lt*x  ts  absent.  In  the  dog  aud  in  some  other  animals,  morphine 
gljcosuria,  apparently  from  some  alteration  of  the  glycogenic 
114 m  of  the  liver. 

The  Alimentary  Canal  manifests  some  distinct  changes  under  mor- 
aine, and  although  these  have  been  tlie  subject  of  numerous  researches 
sat isfai*ti>ry  explanation  has  as  yet  been  vouchsafed.     In  the  human 
ibject  \%s  injection  is  «x*casionally  followe<l  by  some  nausea,  which  is 
eh  more  fr*>«juently  pres<^ni,  however,  during   nx'overy  from   the 
Iu  the  dog  inid  eat  nausea  and  vomitiug  arc  almost  invariably 
ftirbe  of  its  application  in  any  form,  and  from  the  rapidity  with 
rbich  they  follow  its  snl^utaneons  injt^eliou  would  seem  to  \yo  due  to 
Ui^cing  on  the  medullary  centre.      Snjall  quantities  of  opium  or 
ftorjihine  bM^^sen  the  sensation  of  hunger  in  the  human  subject,  but  this 
pn^bly  to  be  attributed  to  central  action  rather  than  to  any  effects 
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OD  t!ic  stfiniiich.     Batcllt  states  that  the  giistric  movements  in  animaU 
are  tirst  itiereased  and  tlieii  ivtunled   Uy  tiinrpliiiK',  and   Riegel  .states 
that  in  man  and  the  dog  the  guHtrie  secrution  is  getierally  retarded  at 
first  but  is  subsequently  increased  to  a  considerable  extent.     This  ixj- 
curri  whet lier  the  d nig"  l>e  administered  by  the  mouth  or  liyiKjdeniiically 
aod   la  there[c>re  due  to  sunie   eliange  ituhieed    by  it  af\er  iibsnrption. 
Tlie   rat^'  of  al>sor|jtitni   in  the  stoniadi  and  bowel   a]i|>ears  to  be  im  — 
changed  by  niori>hine,     Hirseh  states  that  the  passage  of  the  contents 
of  t!ie  stnraach  into  the  bowel  is  delayed  through  a  spasmodic  cou  — 
traction  of  tlic  pylorus. 

The  e fleets  on  tlie  intestine  vary  with  the  dose  injected  as  well  as  witLm 
the  sp(.M:ies  <d'  nniiual.      Very  hu'ge  quantities  cause  violent  jK'rist-ilsii?^ 
and  repeated  evacuation  of  the  liowel  in  the  dog^  cat^  and  aec*ording  to 
some  authors,  the  rabbity  while  small  doses,  on  the  other  hand,  ar^ 
followwl  by  lessened  peristalsis  and  constipation  in  man  and  in  most 
animals.     Even   in  poisoning  in  man,  tlie  purgative  elfect  is  not  ob- 
served, and  opium  and  morphine  arc  very  extensively  used  in  thera— 
peiitic^  to  quiet  the  movements  of  the  Ijowel.     Two  explanations  of 
tliis  action  have  been  offcretl,  the  first  that  moderate  quantities  of  mor- 
phine stinudate  the  centre  in  the  cord  inhibiting  the  intestinal  move- 
ments, while  larger  doses  paralyze  this  centre  and  thus  allow  the  bowel 
to  contract  more  powerfully  than  usual  (Nothnage!),  the  second  that 
the  central   nervous  system  is  not  concerned  in  the  sedative  effects, 
which  are  attriljuted  to  morphine  depressing  the  local  mechanism  in 
the  intestinal  walb      Neither  theory  is  wholly  satisfactory,  and  some 
writers  are,  therefore,  inclined  to  believe  that  the  action  is  partly  ccn- 
tnd  on  the  spinal  cord  and  partly  peripheral  on  the  bowel  wall.     It  is 
to  be  remarked  that  morphine  is  excreted  by  t!ie  intestinal  epithelium 
and  that  this  may  have  some  connection  with  the  excessive  peristalsis. 
The  grounds  on  which  these  explanations  are  founded  are  so  involved, 
and  so  little  convincing,  that   they  may  be  omitted.'      It  seems  more 
probable  that  the   effects  are  perijiheral   than   that  they  arc  centralj 
howe%'er,  for  none  of  the  other  uumeritus  drugs  which  act  oil  tlie  spinal 
coni  possesses  this  curious  action  on  tlie  int(*stinal  movements. 

Morphine  frequently  causes  a  slight  fall  in  the  Temperature,  which 
may  be  explained  by  the  less  active  movements  and  the  dilatation  of 
the  eutanwus  vessels;  sometimes  a  sliglit  preliminary  rise  in  the  tem- 
penitnre  has  l>een  seen  in  man.  It  is  foumi  that  animals  under  mor- 
phine react  less  to  an  increase  in  the  surrounding  temj>emture  than 
unpoisoned  ones;  /,<*.,  a  normal  animal  exposed  to  a  high  temperature 
takes  measures  to  prevent  its  internal  temperature  from  rising  above 
the  normal,  while,  under  morphine,  these  mcjisures  are  less  effective, 
and  the  tempemture  rises  more  raj>idly  and  to  a  greater  height ;  this 
indicates  that  the  temperature  centre  in  the  brain  is  rendered  less 
sensitive. 


*  The  moflt  recent  aecmint  of  the  subject  is  tbat  given  by  Vamom/,  Deutscb.  med, 
Wwhenscbr.,  lHt>7,  p.  4-77, 
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—  The  excretion  of  ciirhonic  arid  is  lessened  during  the 

\  while  111  tIio.se  aniniuk  in  vvliidi  excitement  is  pro- 

^'  eoDsidembly  anginented  from  the  increased  musenlar 

mo\>mcnt,    llie  im[jerfect  respiration  leads  to  an  increase  in  the  lactic 

la^ioftbe  blood  and  nrine  and  to  the  disappearance  of  glycogen  from 

tiie  Liver.    Siijjpir  mayuppt^ar  in  ihe  nrine  from  the  saraecianse  (Araki), 

IsenliOB. — Morphine  is  excrettMl  niuinly  by  the  digestive  tract,  in  the 

uliv.i  liiiiriuK^h  and  bowel,  and  is  therefore  fomid  in  large  qUimtlties  in 

(I  CO  after  hypodcrtDic  injection.     Traces  of  it  occur  also  in 

lih  ursiie  utter  large  th>ses.     It  apju-ai-s  in  the  stomach  very  S(Kjn  after 

iDJirtinn,  a  w<.*iik  reaction  oc<nirriiig  after  2.\  minutes  acctirding  to  Alt, 

but  after  about  an  hour  no  furtlicr  excretiou  iiito  the  sloniacli  has  been 

*fcown  Ui  ot5<uir,  although  its  narcotic  action  |>cM\sists  much  longer,      A 

owtaio  amount  of  the   morphine   undergoes   partial  oxidation   in   the 

'  -'ime  OJcidatiou  priMhiets  have  been  said  to  occur  in  the  urine. 

^  — ThecontinuHl  use  of  niorpbineor  oj)iurn  leads  to  a  con- 

J>tion  if(  tolerance  in  which  en*>rmous  doses  of  the  drug  are  necess:iry 

^*'  t'licit  any  cHV^i't.     Faust  has  succeed wl  in  pnxhicing  a  similar  state  in 

•   '  j%  and  finds  that  much  more  morphine  is  oxidized  in  the  tissues  in 

idiliiin  than  in  untreated  animals;  for  when  a  nf»rmal  dog  re- 

>   ifi   injection  of  morphiucj  over  »>0  per  cent,  of  the  amount  in- 

J«vti\l  ci>uld  be  recovered  from  the  stools,  while  when  a  much  larger 

•iUantity  was  iojct*ted  into  a  tolerant  animal,  none  whatever  was  found 

*»1  iht'  excreta*     The  tissues  tliercJore  acrpiire  the  jwwer  of  oxidizing 

korpbiite  when  they  have  beoome  liabituated  to  its  presence, 

Orydimarptitno  (C,jH^Xj<\)  has  been  tjelieved  to  ho  |>resent  in  the  urine 
ifu*f  ihr  .tOmajistriiliun  *»f  tuorphiue.      It  ha^  Jilso  been  fuutid  in  opium  l>y 
Uiv*"^tiK:ito!'^  and  has  a  very  weak  niireolic  action  re-iombting  thtit  of 
|iliitH\      Martu^  su|i[>used  that  the  fiymptouis  sr-en  utter  the  abrupt  with- 
al of  muqjhine  rii  cjisc^  of  opium  hiihit  were  dne  to  this  oxydimorpbiixe 
iiiing  in  the  tiswurs,  but  this  has  not  been  euu finned. 

tjs  an  artilieial  alkaloid   formed  from   aiorpbine  by  su Instituting 

ifn  rwo    hydroxy U.   and    has    alhaeted  some  attention   recently 

'4  respiratory  sedative  in  cough.      It  appears  to 

<l  efTeet^^,  but   is  siiid  to  aet  more  stronjjly  on 

IT  bml    funr-tions.     Thus  the  respiration  is 

depression    thjin   Wiinld    accompany    uu 

bii:i;:t^  L'lKiU'U  by  Uiorpliiae.     A(*oordintr  to  tbr  advoeuteH  of  bennne, 

ibjwoitdA  of   the  bnathing  i«  in  part  rionpensated  for   by  it>*   jrreater 

'*.  f*i»tbaf  the  jwtual  diuunution  of  ibe  air  inspired  is  not  proportional  lo 

ttxT»*a-it-  in  tht«  nvimbt^r  t»f  the  movements  ;  biU  this  lias  been  disputed 

[U  I'  *X  invariably  trui\  parlieubirly  in  man.     On  tlie  whole  thr 

euv't  menial  and  eliiiieal  ul>f*i?rvers  «eemsto  iudicate  that  heroim^ 

er%K»  u  pliice  lietw<H*n  iiior|)bine  and  codeine. 

r  moQ)hine  in  the  general  features  of  its  action, 

PiMui^gh    it  1  h    le^is    pofr^onous.      It  depresses  the  brain,  and 

0iii8»  an  exaltation  of  the  activity  of  the  lower  parts  of  the  cen- 
till  mrvovm  i*y*lem.  It?*  depres^jmt  action  i^  not  so  powerful  ntir  si* 
^mlnfitigm^  that  of  morphine,  however,  while  the  stimulation  is  more 
evid^-tit  and  involves  not  only  the  ciird,  but  aUo  the  meiluHa  oblon- 
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gata  and  lower  parts  of  the  bmin.     As  has  been  mentioneil  alii 
morphine   also   slinmlates    raiher    than    depresses   the    brain    Ifl 
feline  cIuh^,  but  with  CTKleine  this  is  true  alsi>  fur  the  do^  anjl 
less  extent  tor  man.     In  the  latter  smalLiiuantities  of  c'cdeine  pr 
sleep  Ijot  this  is  not  so  deep  and  restful  a.<  that  which   follov 
administration  of  morphine,  and  the  patient  i.^  liable  to  be  awa 
by  sliglit  noises,  and  is  re;>tless  and  often  nnrefre^hed  when  lie  av 
S>mewhat  larger  quantities,  instead  of  iiidtieiug  deeper  sleep,  inc 
the  restlessness  and  cause  a  considerable  exaggeration  in  the  refle 
citability.     The  respiration  is  not  so  much  slowed  as  after  mor 
and,  according  to  Winternitz,  the  excitability  of  the  centre  is' 
tieally  unchanged,  while  morphine  reduces  it  very  const derablv, 
pupil  is  slightly  contracted  dnriug  the  ctKleine  sleep,  but  dilates  ^ 
the  excitement  stage  follows.     Codeine  does  not  seem  to  produ 
great  const! jiat ion  as  morphine,  and  in  animals  often  causes  pad 
and   diarrhiea.     It  is  said    by  Tanber  to   be  excreted   in   the  " 
mamly,  but  his  statement  requires  confirmation. 

Ccwieine  i^  methjlmor]ihi"<'«  and  a  number  of  similar  compounds  have 
fonnea  an  iKcial  ly ,  ^^ut" h  a s  et h y  1  mori) h i u e  an d  a ni y  1  di or p b i n i; .     T wu  of  f* 
ethylmorphine  (Dionine)  and  l>ena!yl morphine  (Peronme)  have  recently 
introduet'i!  into  tlierapeiitics,  but  appear  to  possess  no  mivantiiges  over 
^  gjLpaveriiie  stands  midway  between  codeine  an<l  moiphioe  in  its 
the  eeutraf  nervous  system,  but  is  a  comparatively  weiik  poison,     E^ 
liivi^c  qUHiitities  it   has  not  the  soporific  action  of  moi-phine,  nor  d 
produce  the  same  degree  of  excitement  as  codeine.     Companitively 
quantities  are  followed  by  sleep,  but  this  does  not  become  deeper  as  thel 
is  increased.     On  the  cuntrary.    the  reflex  excitability  is  augmented 
after  very  hir^e  quantities  si>me  ictiinic  spasm  may  be  eliciteil,  but  this 
to  l»e  of  spinal  origin  entirely,  while  that  produced  by  codeine  points  ral 
to  an   aflcction    of  the   lower   part  of  the   brain.     Papa  venae    has  id< 
tendency  to  slow  the  heart   rhythm  than  either  morphine  or  emi  "■  • 
apparently  acts  directly  on  the  heart  muscle  an«l  not  through  ihe  i^ 
cell  t  res .    T h  e  bh  m  n  1  -  press u  re  ! s,  however.  H  tt  le  a  Ifecte^l  by  o rd i  n a r\^  q  u .. . . , 

Narcotine  resembles  cwieine   rather  than  morphine,  but   has  even  1( 
depressiiut  action,  esj>ecially  lu   mammals.     In  the  frog  a  short  -*'_'-  -^ 
de[>resslon  is  elicited,  but  ibis  soon  gives  place  to  strychnine-like  < 
tiou  of  the  reflex  excitability.     In  mammals  there  may  be  but   U....  .., 

pearanee  of  depre«5i^ion,  the  injection  being  followed  by  a  condition  of  ei- 
citement  immediiitely — restlessness  and  tremors  with  increased  rcllexe*, 
which  eventually  lead  to  convulsions,  during  which  the  animal  generally 
succumbs  exactly  as  in  strychnine  poisoning.  The  pnlse  is  consitlemWy' 
slower  after  narcotine  injection  from  a  direct  action  of  the  *irug  on  the  lirart* 
Narcotine  is  a  very  much  less  poisonous  body  than  either  morphiiir  or 
codeine,  and  ver\'  larjje  quantities  have  been  administered  rejx-atedly  witH. 
little  or  no  narcotic  elTe<  t.  It  is  a  compound  of  hydroeotarnine.  anothtsr' 
opium  alkaloid,  with  meconin*  Hydroeotarnine  apparently  acts  very  luacli^ 
in  the  same  way  as  narcotine,  but  produces  even  less  depression. 

Narceine  has  attained  a  certain  reputation  owing  to  the  statement  ofCl- 
Bcrnanl  that  it  is  the  most  powerful  narcotic  of  al!  the  opium  alknlui^^-' 
There  seems,  however,  to  Ije  no  doubt  that  the  preparation  he  us<*d  was  ver^ 
impure,  and  that  narceine  itself  has  Utile  or  no  action  of  any  kind.  It  i^ 
exceetiingly  insoluble  in  water,  and  its  salts  are  broken  up  in  aqueot»^ 
solution,  s#>  that  it  is  pnd>ahly  absorbed  ver>-  slowly  and  imi>erfectly. 

Thebalne  seems  to  have  practically  no  depressant  action.     It  sometim^^ 
produces  some  heaviness  and  coulwsioti  m  isisAi,  Wt  thii  is  accompauied 
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\  BBlteittB  exactly  resembling  thoye  dcBeribed  under  strychnine,  audit  miiy 
ArwfofP  be  considert'd  i\s  iK-lonp"^  ^**  t^^^'  latlt^r  ?me8  nitlier  tlmn  to  tliat 
oftiU)r|ihitit« :  it  Ia  very  much  less*  active  than  strychnine,  htjwever,  Thebuine 
fttyro--^  i«  diiFer  from  uior|jliinc  aLso  in  its  cifccus  on  tlic  Imwcl,  for  Vumossy 
findilliai  It  inrreiises  peristalsis  instea<l  t»f  alli*yi[ig  the  irritalHliiy,  Lauda* 
ntMnetuis  to  it.»^-iemV»le  thebuine  very  cloi^ely  in  Its  effects. 

"nn^otbtT  n!kiiU>id^  occur  in  very  minute  quuntJties  in  opinra  and  po^^siesa 

nil  1  ^t  from  the  therapentic  point  of  view.     Very  litUc  hni*  been 

flos  ikte  their  pharmncological  action,  but  those  which  have  l^ceii 

fUQiiucii  siciu  to  jiroduce  effects  rcsemlilingthoi^cof  the  bet ler  known  mcui- 

berwof  ih'  p*nni»,     Tliere  are  some  exceptions  to  this  rule,  however,  for  in 

tb(  tfTectg  of  Ciyptopilie  and  Protopine  some  I'ealiircs  n]*[*eur  which  seem  to 

brwUhoul  tinnloirne  in  the  action  of  niorpliine  and  codeine.     In  fio^s,  j^^mall 

4<Bf«  pMuce  a  narcotic  condition  siiMihir  to  that  folhiwin^  the  injection  of 

■orjkhine,  but  the  reilex  irritability  docs  not  show  the  stune  exaggeration 

ifterwiird?; ;  birger  cjuan titles  cause  complete  paralysir*  of  the  wiiole  central 

nrrvoiH  sy^^f^m-     At  the  i^me  time   a   very  marked  action  apjiears  in  the 

•<^  the  contraciion  of  which  is  altered  in  a  perfectly  chameter' 

if  A  l4?lui»izinp  senes  of  eb'ctrie  shocks  bo  passed  through  a 

d  with  the^e  dru^s,  no  real  tetanus,  but  a  series  of  rapid  con- 

laxalions  is  produceil.     The  ends  of  the  motor  nervejs  are  also 

said  ij  k'  jtitriiiilly  }»uralyzed»     In  mammals,  no  depression  occurs  but  rest- 

IwOrss  ivnd  ev^entnally  convul8i4His,  which  do  not  seeiu  to  be  of  spinal  ori- 

^Dbut  ruthcr  suggest  a  stimulation  to  the  cerebrum  and  niidlmiiri.     The 

hmn  ii  hIow  and  weuk,  and  some  depression  of  the  vaso-motor  centres  is 

an  ^  <*  quantities  of  the  poisons.     The  respiration  does  not  seem  U> 

h$  but   rather   to   be  accelerated,   save   by   the   largest  doses. 

Thrv  paraly-i^c  the  tenninatittns  of  the  sensori^^  nerves  on  local  applieati*m  in 

tlji»  Humr*  %%  ay  as  will   be  describes  I  umler  cocirine.     The  action  of  these  two 

'         le  and   on   the  heart  would  seetn  to  separate    them  ofT 

ihcr  oi»inm  alkalo^^I^'►^  although  it  is  not  Impossible  that 

l^tsv  ;trc  mcrily  further  developments  of  the  hejirt  action  notei?  after  nar- 

cvlhie  and  impaveriue. 

With  the  exception  of  eryptopine  and  protopliio  the  alkaloids  of 
opium  form  a  »erie8,  of  wliich  morphine  in  one,  thehaine  the  other 
rxttfmily.  In  morphine  the  niira^tie  uetitm  h  the  most  striking  fea- 
ture, but  as  tliG  fiueccssive  nietnliers  are  taken  up,  this  effect  beiKvtnes 
hsm  niarke*!  than  the  reflex  stiumlation,  iiidit  in  tliel»aine  practically 
00  depn-ssioo  can  Ije  mnde  out,  and  the  sytnptoms  ret^emhle  those  of 
•iry(4inine  exactly.  Sonje  of  these  alkaloid^?,  Iiovvevcr,  differ  in  ty[>e 
lottK'what  from  l>i>th  morphine  and  thcbaiiie,  bccanse  the  brain  iti^ielf 
seem-  it  of  stitnnlalion,  and  the  eon%uli>ions  partake  more  of 

ibe  ri  nf  those  prod  lived  hv  cocaine  and  atropine  than  of  tliuet* 

of  BtrjThnuic*  Morphine  itself  |>nssesi^es  this  action  in  tlie  cat,  so 
tlv  *  •*  r^  alkaloidn  do  not  in  reality  depart  from  the  general  type  so 
c  ly  SIS  might  at  first  aj^pear.     The  more  important  nieoxbers  of 

llkf  ijnHip  may,  therefore,  be  arrange<l  in  the  fedloiving  order,  the  most 
ciepiyiriant  titajidiug  tirst  and  tiie  tuost  stimuhnit  last. 

Morphine  (oxydimorpbioe). 

Papaverine. 

Codeine. 

Xarcotine. 

Thebaine. 

(Strychnine.) 
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la  man  morphine  U  much  the  V^pst  dangeroas  of  the  opium  iilka* 
loidS|  because  death  is  ]>rocUic€»d  h\  the  narcotic  stage  llirough  asphyxia. 
In  most  animals,  however,  tliebaine,  codeine,  and  landanltie  are  mow 
toxic,  becauj?e  the  failure  of  the  rei^piratioo  does  not  occur  in  the  stag? 
of  (leprc*^sion,  but  during  the  convulsions. 

Opium  itself  eoutaio8  besides  the  alkaloids  already  discussed,  %'arioiiB 
acids  with  which  they  are  in  combination,  mcconic,  lactic  and  siil- 
phurit"  acid,  but  none  of  these  jkisscss  any  action  of  importance.  Along: 
with  these  are  found  gums,  sugars,  albumins,  wax,  and  the  other  a>ni- 
mon  constituents  of  phuit  juices,  but  these  merely  tend  to  delay  the 
abs^Mfption  of  the  active  constituents,  and  cannot  l»e  said  to  play  uny 
part  in  the  effects  of  opium*  Of  the  alkaloids,  morphine  is  present 
in  greatest  abundance,  and  is  also  the  most  powerful  in  its  effects. 
The  actitm  of  opium,  therefore,  is  practically  identical  ^rith  that  of 
morphine,  except  that  the  latter  is  absorbed  more  rapidly  when  pure 
than  when  mixed  with  the  numerous  inactive  substances  of  the  crude 
dru^.  Opium  acts  much  more  slowly  than  morphine,  and  seems  to 
produce  more  marketl  t'iFect  on  the  intestine  in  which  it  remains  for  a 
longer  time*  It  is  also  said  to  cause  less  nausea,  although  this  is  dis- 
puted. 


U.  S.  p.  Preparations. 


i 


Qriuai,  the  dried  milky  exudation  obtained  liy  inciting  the  unripe  cap- 
suk's  ttV  I'apavtT  suTiujiJeruin,  yields  wlieii  moi^t  not  less  than  9  per  cent,  of 
cry  H t  rt  1 1  i  /A'd  i ii  o  rji  h  i  ii  e . 

Opii  TcLvls^  dried  and  powdered  opium,  yieldiog  13-15  per  cent,  of 
crystallized  morpidne.      Duse,  0.02-0.1  G,  (J-IA  grs,), 

Opittm  ffeodoratum,  opnim  deprived  of  its  odorous  principles  and  of  any 
otljii'  bodiijs  soluhk^  in  ether  ;  sn»jjar  of  milk  is  iiikled  to  make  up  the  weight 
t4»  tiiat  of  the  orij^dnal.     l)of^e,  0.02-tM  G.  (J-IJ  grs.). 

Exri{ACTrM  tM'Ji,  the  dried  iH|neoU!4  extitiet,  contains  18  per  cent,  of 
UHMphinc.      I>ose,  O.Uiri-0.0*i  G.  (J-l  gr.). 

Tile  follow  iiig  p  re]  m  rut  ions  contain   10  per  cent,  of  opium  or  from  1.3  to 
1.5  per  cent,  of  nnHphiue. 
—f^Tj^fiinx  ueu  (l^udiiuum).     Dose,  0.3-1  c.e,  (^-15  mins.). 
,^0/^  Tifwittrit  Opti*  Dritihniii.     Do^e,  0.3-1  c.c.  (5-15  mins.). 

I'ituim  OpVi^  flavored  with  cinnamon  and  cloves.     Dose,  0.3-1  c.c.  (5-15 
mius.). 
^    ^dum  Opii  (lllack  Drop)  i«  formed  by  extraeting  opium  jxiwder  with 

dilute  acetic  tieid.     Done,  0.3-1  c.c.  (-^^15  mins  ). 
^      tj^'i.vj.s   iPECACUANU.E    ET  0^^!    f|^^jvftr\^  Powflerl.  10  per  cent,  each  of 
opium  and  iperiic  powders,     Dost%  0.3-1  G,  (5-15  j^n*.). 

TituHtira  Iprrwiianhie  et  Opii.      Dose,  0.3-^^1  c.c.  (5-15  mins.). 

tUlier  prepuntUoiirt  of  oj>iiJm  generally  weaker  than  the  foregoing  are  : 

PiLUL.i':  Orii,  each  contains  O.OGd  G,  (1  gr.)  of  opium  powder  or  0.009  G, 
(}  gr  )  of  moqihine. 

Trovhmei  Ghjetjn'hizm  et  Opii\  each  conti\in.s  0.005  G.  (i*i  gr.)  of  opium. 

XjN  CTVR  A_jje  1 1  ('AMPlliiKATA  (Paregoric)  contains  four  part,^  of  opium 
j *erthoi L«iint!7idoTrg"with  henzoic  acid,  camphor,  oil  of  anise  and  glycerin. 
Ihjse,  4-15  c.c.  (K-l  U.  di-s.)  for  an  adult,  0,3-1  c.c.  (5-15  dro[)s)  for  a 
child. 

Miahnit  iihjvt^rrhizm  ComposUa  (Brown  Mixture)  i??  formed  from  liquorice, 
syrup,  acacia^  wine  of  antimony,  spirits   i»f  nitrons  ether  and  camphorated 
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liiKtuw  of  opium,  and  contains  only  about  1  part  of  opium  in  2,000.  Dose, 
V^-30f,c.  {J-l  tK  oat,). 

Eimftlattrum  Opii^  opium  planter ^  6  per  cent. 

Alhiioidt: 

JluiyiUtji  (Cj.H^^NO,  4-  H,0),  colorless  erystuls  wiLhaiit  odor  but  with  a 
bitUf!    '     ■ -^I'ttcaHy  insi>luble  in  wtiter  and  only  sUghtiy  soJnble  in  nk-o- 

M,  I  ^  aol4<;.  ft*i-J  g^h 

MfiKi  u. ...  ]  i  i  I>K<K'llU*^lBr — 

MoRrHiVK  SrLPiiAt*. 
Uarphimt  Acrtait. 

iff  ihr-sf  salts  the  hydrocld orate  and  milphate  are  the  most  important,  as 
♦  k.  ....  .r.,  fends  to  decomp^>*e  on  keeping.     The hydroehloraU^ and  sulphate 

Ji  about  21-24  part^n  of  \vutei\  less  sn  in  alcohol.     They  form 
r^--lal«  with  a  bitter  ta-?lts      Dose,  O,0O5^iO3  (K  (jS-i  gr.). 
.'ur  {\>mfH>^itiiA  (Tiilly's    Powder)  is  a   mixture  of  liquorice 
j-^  -    ),  ..kkJi^i.Mj  and  morphine  ?iulphate,  in  which  the  latter  i^sconUiined  to 
thr  iuiiitunt  (»r  Ij  per  eont.      Do«5^e,  0.3-1  CJ.  (-"V-iri  grw.), 

TiiiKiniK^i  MoiipniN\«  kt  Ipecacuanh,*:,  each  coutaiua  0,001^  O.  (^  gr.) 
of  jji^ifpltiue  Hulphate. 
innrtvi  (C,,Hy^NOj  4-  up),  white  or  nearly  transparent  crystals  with  a 
r   ta^lc,  Holubk-  in  80  |mrtd  of  water  and  in  3  parts  of  alcohol, 
I'  -.,  .  ..,.-0.12  U.  (i-2  gr.^.). 

B,  P,  Phepauations* 

Owm,  the  j nice  obtained  by  incision  from  the  unripe  capsules  of  Papa ver 
iomiiilVTum,  ln^pi>«sated  by  spontaneuns  evaporation.  When  dried  it  con- 
\Am  9J^101  P*^*"  c«*nt,  of  aniiydrous  morphine,  and  it  i^^  therefore  weaker 
tiiaa  the  eurresjHjnding  preparation  of  the  U.  S,  P.  Do^e,  J-2  ^^. 
EXTRAcrrM  tipii  contaiuti  20  per  cent,  of  morphine.  Done,  j-1  gr. 
Kttraeium  i>fili  Uquidum  contiiius  J  per  cent,  of  morphine  (J  gr.  in  110 
mm* ),    Ih^t*^  5  :iO  mins. 

TtxcTVUA  Opu,  Laudanum,  contains  J  percent,  of  morphine,  or  alMiut  1 
Ifr,  of  ophim  iu  15  mins.  l»ostv,  .i-lTi  min».  for  repealed  administration; 
f*»' a  !^iti>*le  adminislrution  2t>-?iO  mins. 

TiH*i»rn  Opii  Ammoniata  is  funned  of  laudanum^  benzoic  acid,  oil  of  mili^L' 
*'■'  I.     It  contains  almut  |,  per  cent,  of  morphine  or  nearly  5  gvs,  of 

*:  fluid  ny,      lh)i^.\  [-X  (l.  dr. 

'     ! ' » a  .K   (_*'  >  M  P<  »f*  t  TA ,    Paregoric   or    P  i\  reg<»  rii*    El  1  s  i  r ,    re  - 
*'  ^  in  comiHisition  except  that  camplior  is  substituted  for 

»^  !  iluii  the  laudiimnn   is  reduced  .so  that  only  one  jiart  of  mur- 

pl.  -lainrd   in   2,0iM>  of  paregoric  or  J   gr.  of  opium  in  each  (!.  dr. 

hmi,  j^l  il  tlr 

fulrU  Opii  fbm/KMi/ujt  conliAin^  10  per  ceiiL  of  opium  along  with  pepper^ 
fJDjrcr ,  can*  way  and  t  raga<  -an  t  h .     I  k kse ,  2- 1 1 *  gn», 

l*iTLvi«  iPiscACirANH.E  CoiiPoeiTUB.  Dover'«  Fowder,  cout^iin  10  i>ercent. 
tavli  uf  iipinm  and  i|M*cjicuanha  in  powch*r.      Dose,  5-15  ^:^, 
Pt7LVL»*  Kivo  tNiMPosm^s  contains  5  per  cent,  of  opinin  along  with  kino 
I  nail  cinnamon.     l>ost%  5-20  gi-a 

Pri.vn4  t'HKT.K  Aromath'Its  oitm   Opio  contains  2}  per  cent,  of  opium 
«Joa|E  with  ari>nnitie  chalk  powdiM',     rK>se,  ItMo  grs. 

Hlula  PLtJMiil  crM  Urio  contains  12  J  per  cent,  of  opium  along  with  lead 
acetate.     I>o**%  2-4  grs. 

PiLUl-A  8APOJIIH  CoMPcmiTA,  contain!\20  per  cent,  of  opium.    Dose,  2-4  grs, 
Plimta  Ip*^a/*uanhte  cttm  Sctfta  is  formed  from  Dover's  powder  and  squills, 
UmI  eoftt&ins  almnt  5  prr  cent,  of  opium.     Dose,  4-8  grs. 

f4cpfHi«iT<>Hi  A   Plum  lit  C<imp<^>!SITA»  each  contains  3  gra,  of  lead  acetati 
I  And  i  gr.  of  opium. 

Limim^mium  CfpH  (|  per  cent,  of  morphine)* 
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Emplastrttm  Opii  (10  per  cent,  opium). 
Unguent  urn  Gal  he  cum  t>pio  eoiitiiiny  7  J  per  cent,  of  opium. 
Morphime  Aeelm  (Cj,H,^XO„C,H/X3HjO),  a   while  crystaJUne  or  amor- 
Iihoii8  powder  almot^t  entirely  soluble  iii  2A   part«  of  water  and  in  lOU  of 

alcohol,  l-\  gr. 

M0BPUIN.K  Hydrck^hluridum  {C,^H,,X0j,HCI,3H,0),  aciculiir  prisms  of 
a  ftilky  lustre,  soluble  in  24  [larls  of  cokl  water,  one  part  of  l>oiling  water  or 
50  of  alcohol.     Dose  J- J  j?r, 

Morphime  Tart  van  ((Cj.H,5NOj)jC^H^O„3H,0),  a  white  powder  conftisting 
of  fine  niHluiar  tufts  of  aeieular  crystals,  soluble  in  11  parta  of  cold  wat«f, 
insoluble  in  iileuiiol.     I>ose^  J—}  gr. 

Liquor  Morphiiue  Acetatis^  1  per  cent.,  10-GO  mi  us. 

LlgCoR  MuRPHiX.li  llYliKoriiLOlUDI,  1  per  rent.,  10-60  niins, 

IJffuor  Morphiiue  Turtntiii*,  1  pLT  cent.,  10-60  mins. 

iNJEtrno  MoiiPHix.K  Hypodermica  contains  1  percent,  of  the  tartrate. 
Bose  by  subeiitaneous  inject  ion,  2--'j  mins. 

SuppoHlTORi.^  MORPIHN.E,  each  coutaini?  J  gr.  of  moqihine  hydrot*lilorit1e. 

Trochiscus  MoRPHiNiE,  each  contains  jV  gr.  of  morphine  hydrochionde. 

lYofhiMcuft  Morphituc  et  Ipecaeuunhie,  each  contains  Vs  g*v  of  morphiDe  hy- 
drochloride with  T*j  ^v.  of  ipecacuanha  root. 

Tincttjra  Chiorqformi  et  Morphini^  CompoKtta  corref^ponds  to  the  patented 
chlurodyue  and  contains  1  percent,  of  morphine  hydrochloride,  along  with 
chloroform,  prussic  acid,  capsicum,  cannabis  indicat  oil  of  peppermint  and 
glycerin.     Done.  fj-lA  rnins. 

CoDEixA  (C^.I^,JCH,)N^>,JI/>),  colorless  crystals  soluble  in  80  parts  of 
wati'r,  rcudtly  soluble  in  aleoliol  and  ether.     Dose,  ^-2  grs. 

Codtunie  Phosphaii  ((Cj,H,,(CH,)XO„H3pO,),:;H,0),  white  crystals  wnth  a 
sliglitly  bitter  taste,  soluble  in  4  parts  of  water,  much  less  soluble  in  alcohol. 
DoHc,  J -2  gr?<. 

Syrupi's  (_'oi»Em-fi:,  one  fluid  drachm  contains  }  gr,  of  codeine  phosphate. 
Dose,  A -2  d.  drs. 

Papaveriti  CfipHnta%  the  nearly  rijje  dried  fruits  of  Papaver  somnifenim^ 
cnutaiu  a  small  perceutage  of  morphine^  but  are  entirely  superfluous  ia 
therapeutics. 

Therapeutic  Uses.  — Opium  is  one  of  the  most  important  and  raost 
extensively  used  drugs  in  ttic  pbarmacopwiaB  lit  tlic  presi-nt  day  a^  in 
the  past.  Of  lute  years  the  crude  drug  has  been  largely  replaced  by 
Hif^rpliiiie,  l>ut  the  action  i?  the  nanie,  and  altlioogh  morphine  is  pref- 
cralde  in  must  eases,  opium  is  still  speeially  indicated  i\)V  certain  pur 
poses.  In  almost  any  diseascj  euuditions  which  are  favorably  inflneueed 
l>y  inorjjbiue  may  present  themselves,  and  these  conditions  alone  can 
be  <liseuss('d  here. 

Fain.  —  As  has  been  repeatedly  mentioned,  opium  or  morphine  has 
a  sj>ecjal  analgesic  action  wfiich  is  not  shared  by  its  modern  rivals  of 
the  mctbaiie  series,  and  which  jnstilies  the  ctjebrated  dictum  of  Syden- 
liani  that  without  opium  ti  \v  wmld  1h'  callous  enough  to  praetjsc 
them  pen  tics.  The  general  state  mint  may  suflfiee  that  severe  pain  in- 
dK*^tes_oj>min.  Even  where  the  disease  in  itself  is  one  which  would 
in  onlinary  eircnmstanees  eontraimlieate  it,  it  must  he  always  taken 
into  cousideratioti  whi'tber  the  relief  of  the  pain  and  its  attendant  rest- 
lessn4'SH  may  not  couiitcrbalanee  the  disadvantages  of  the  narcotic.  At 
the  same  time  the  dandier  of  inducinirjhe^era\jngjbr  morphine  cannot 
be  forgotten,   for  the  use  of  morphine  to  suEJiJrpain  is  perhaps  the 
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ik  frmtfiil  cause  of  the  habit.  It  is  often  found  that  comparatively 
ftU  iiUiUttitii*i^  of  opium  are  sufficient  to  reiuov^e  or  at  any  rate  ti) 
D  patci,  but  after  repeated  dL>:^e,'5  the  r|uantity  has  to  be  increased 
flag  to  tolerance  being  attained.  Some  forms  of  pain  are  relieved 
'  ibe  mrfobers  of  the  antipyriue  series,  but  these  are  less  certain 
''  't.'d  in  their  action  than  morphine.  On  tlie  other  hand 
-  often  relieve  pain  without  inducing  sleq>,  and  in  this 
a  ^n-^t  u<lvuntage  over  optum  in  the  treatment  of  headache, 
^  *nd  similar  conditions. 

aM,  ^ — Opinm  was  formerly  the  only  drug  usted  to  induce 

uce  the  dis(*overy  cHchlond   and  its  congeners  it  is  ased 

]y.     These  fidl  entirely  to  replace  it»  hi>wever^  where  the 

is   due  to  pain,  while^  ou   the  oth«-*r  hand,  they  are  more 

.^  ♦^i  some  conditions  of  excitemLnit.     Not  iufrequeutly  opium 

»ral   are  prescribed  togetlier  for  this  purpose,  and  the  combi- 

I^Uuu  dct-j   more  efficiently  than  either  of  the  drugs  alone.      Kich  is, 

pocnin^c,  pres4:^ribed  in  considerably  smaller  amount  than  if  adniinis- 

ned  separately.     Opium  is  less  efficient  than  chloral  when  there  is 

mnrr  0 1  ly  an  in  e  re^vsed  act  i  v  i  ty  of  t  he  mo  to  r  f n  n  c  fc  i  o  n  s  o  f  *  the  b  ra  i  n ,  as 

^iriJd  delirium  and  mania,  and  sometimes  seems  to  increase  the  excite- 

irnt  even,   but  this  general  statement  is  snl)je(_U  to  nunierons  exce|)- 

.,  and  morphine  is  still  largely  used  in  many  such  disorders.      In 

tmi*  C50iivubive  diseases,   such  as  tetanus,  epilepsy  and  chorea, 

-  *'  nble.     The  beneficial  etfcct  of  morphine  in  many  acute 

IS  is  undeniable,  aud^  as  in  the  ease  of  aleoliol,  is  due 

W'ssi'Jiing  the   pain  and  discomfort  of  the  patient  and  inducing 

X  good  deal  of  ditFerence  of  opinion  exists  as  to  the  advisability 

ministering  opium  or  morphine  in  these  conditions,  and  there  is 

that  the  routine  treatment  of  fi»ver  hy  narcotics  is  to  be 

lied;  but  on  the   other  hand,   the   restlessness  and  discomfort 

I  itself  aggravate  the  disease,  and  morphine  is  distinctly  indicated 

these  eirt'urastances. 

pn'parations  chiefly  used  to  relieve  pain  and  promote  sleep  are 
Vihlannra_»  *>pioin  pill,  or  comp ritud  soap  pill,  and   the 
lud  their  solatlons.     The  latter  may,  of  c^uirse,  be  ad- 
tcnnl  hyptKlermically, 

Eespiratoiy  Disorders,  o])inm  and  morphine  are  largely  used  for 
effects  on  the  centre.  Wliere  it  is  desirable  to  lessen  its  irrita- 
',  as  for  example  in  exectssive  cough  and  dyspu<pa,  opium  may 
idiottt^.  On  the  other  hami,  when  there  is  a  profuse  expectora- 
the  irritability  of  the  ei^ntre  cannot  be  lowered  without  danger, 
opium  is  cuntniindicated,  Opinni  gives  relief  in  cases  of  asthma, 
there  is  always  danger  of  inducing  the  habit. 

combined    with  expectorants  in    the  treatment  of 

number  of  suitable  preparations  are  provided  in 

pbirniiiccipirias,  such  as  parc;jorie,  Dover's  powd(*r  and  i>ther  prepa- 

Vvining  ij>ecacuanhaj  liquorice  mixture,  the  compound  mor- 

,       :er  (IT.  S.  P.),  tba  ummomated    tiucturej  the  com^oMiad 
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tincture  of  elilorfjftKrtii  and   niorpliiuo,  the  pills  of  ipecaeuauhfl] 
stjiiill  (B.  P.}»  \\w  lozenges  anil  the  ctideiiie  preparations.      CVxleij 
often  preferred  to  niorphii^e  in  ihes^e  ea.ses,  hewiiLse  it  reduees  tli4| 
citability  of  the  respiratory  centre  with  less  marked  cerebral  depr 
This  is  also  true  (»f  the  new  artificial  alkaloids^  heroine  and  diofl 
wliieh  liave  enjoyed  some  popular  rcinitation  in  late  years,      Irar 
investigators  oi'  tliese  dru<;^s    have   generally   failed    to  obtain 
results  fn>m  them  than  from  ctideine  and  morjdiine,  and  further  \ni 
ti^^ation  is  required  before  they  can  lie  recommended  as  sujierior  tc 
older  and  unpatente<l  alkaloids. 

In  Peritonitis  and  Intestmal  Disorders*  opium  is  indicatetl  douli 
first,  ior  its  f^eiieral  action  in  allaying  pain  and  restlessness ;  aud  second 
for  its  special  action  in  Icsscoiii^^  the  movemcntqf  the  intestine.    Op 
is  preferable  to  morphine  for  these  purposes  liecause  it  lies  long 
the  bowel,  and  therefore  evolves  a  strtm^er  action  there  than  on  tliel 
of  the  economy.     Iti  colic,  cspeeially  lead  colic,  it  often  relieves 
paiti  without  increasing  the  cxmstipatiou  and  seems  to  allay  the  sjm 
of  the  bowel  without  stopping  entirely  its  peristalsis.     In  diarr 
opium  may  be  given  to  check  the  excessive  peristalsis,  though  iu 
j^vcrer  forms  of  dysent'Cry  it  generally  fails  to  have  this  etlect,  and 
septic  purging  is  rather  to  be  avoidciL     In   i>erforatiou  aud  ben 
rhage  from  the  bowel,  opium  is  the  most  efficient  of  all  remedies,  \ 
allows  adhesions  or  clot%  to  be  formed  by  clieckiiig  move  meets  of  I 
intestine,  which  would  provoke  further  leakage. 

The  B,  P.  offers  a  uural>er  of  preparations  specially  designed 
use  in  intestinal  disorders  and  especially  in  diarrh/ea,  such  as  the  i 
pound  kino  powder,  the  com|)oond  ehalk  powder,  the  lead  ami  opifl 
pill,  and  the  compound   lead  supj^ository  aud  morphine  suppositd 
Instead  of  these  the  tiacture,  extract  or  other  simple  preparation 
of  course,  be  used. 

In  Haemorrliage,  wliere  the  bleeding  point  cannot  he  reaclierl,  o|)ill 
or  morphine  is  most  valuable.      This  is  Ui)t  from  any  direct  effect  I 
the  vessels  or  blooil,  but  because  it  allays  the  ce^tlessuess  whicli  foUo^ 
the  loss  of  large  quantities  of  blood  and  thus  allows  the  lilood  to  ( 
in  the  ruptured  vessel.    The  same  pre piu^at ions  arc  suitaldc  here  as  I 
pain. 

In  Vomiting  morphine  is  sometimes  used  iu  small  rptantities,  but] 
seems  doubtful  whether  with  any  benefit. 

Opium  has  been  used  insten*!  of  <juiuinc  iu  Malaria,  and  though  if 
Ciumot  be  said  to  n^plai'c  the  latter,  has  a  distinct  cffix't  iu  some  cii^i'^ 
apparently.  Of  c<3urse,  symptoms  may  arise  in  malaria  as  in  other 
diseases  in  which  opium  is  specially  indicatetl,  but  apart  from  tlits 
ca.se^s  of  malaria  of  old  standing  seem  to  be  benefited  by  opiimi  wttli  t>r 
without  ijuininc.  According  to  Ilt>bert^,  the  action  is  due  to  narctiti 
and  not  to  morphine. 

Opitmi  or  ruorpliine  has  sometitiics  been  used  in  Diabetes  with  , 
effects  ;  for  though  the  glycosuria  seldom  disappears  under  its  use,! 
lessened  iu  some  cases.    Codciiie  has  Viccu  "^dvvsed  lastcad  of  morpliil 
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disoril^r^  as  it  is  le.ss  likely  to  caiHi*  coristipatioii  and  gastric  dis- 
se.  According  to  luauv  autlioritit*:^  the  iinly  effect  of  tlii'se  luir- 
tt  di4il.»eUM  iis  to  alliiy  tJie  tonriiMiting  tliirrst,  vvliiie  others  sii|>|jose 
ey  retard  the  formutioii  or?>ugiir  from  glyoogeu  in  the  liver. 
Xf^  opium  id  used  as  a  Diaphoretic,  and  ibr  this  purpose  it  is  gen- 
3ombiucd  with  ipecacuanha  and  prescribed  as  D(»ver's  powder. 
gh  in  itself  it  haiS  little  or  no  ^liaphoretie  action,  op! ma  may 
iit  the  effecli*  of  ipecacuanha  througli  diluting  the  skiii  vessels^ 
,  aod  its  alkaloids  have  no  effect  applied  to  the  £>kiii,  and  the 
Sy  Ointments  and  other  i^iniilar  preparatiyns  are  quite  tsuperHuous. 
eine  "  i  ki&i  often  Used  than  inorpliiue  in  tberapenties.      It 

^omi^  !y  Jittle  value  ia  allaying  pain  or  excitement,  hot 

^  tbuud  of  benefit  in  the  sleep! essji ess  of  melancholia.     It  is 
uit  iufrt*ipientlya4  a  sedative  in  cough,  aiidy  as  has  bL*en  stated, 
3«te^,     There  geems  less  liability  to  the  ftjnnation  of  the  codeine 
311*1  it  has  been  suggested  as  a  substitute  for  morjihine  in  mor- 
juob^  but  has  not  prove<l  efficient  in  t!iis  c^mdition. 
am  and  murphine  are  contraimlicated  in  very  young  children,, >. 
om  even  minute  quantities   often    pnidiice   the    most   alarnirng 
\^xm  of  poisoning,     Ev^en  one  drop  of  laudauiun  is  said  t^j  have 
^,tal  to  a  child   untler  one  year  of  age.     In  great  weakness, 
Ty  lucajdes  where  the  respTration  is  barely  sufficient  to  aerate 
\  or  where  profuse  expectoration  b  prej^ent,  morphine  has  to 
lintdtered  with  the  greatest  care.     In  cerebral  congestion  and 
05  the  opiates  are  generally  t«3ntraiodicated.     It  nuist  I;>e  re- 
alstTtTiarboth  opium  and  morphine  are  lialde  to  disturb  the 
d  to  cause  nausea  and  want  of  appetite,  and  that  these  may 
their  use  in  cases  iu  which  they  would  otherwise  be  suitable, 
irsons  opium  invariably  causes  nausea  and  vomitiuij^,  either 
iti*  administration  or  while  its  effects  are  passing  off.      For 
yncrasy  morphine  may  be  substituted  ibr  opium,  altljough  this 
equally  uauseating,  or  chloral  and  bromides  may  l>e  prescribed 
ium  to  prevent  the  unpleasant  after-effects.     Not  infrequently, 
ir,  opium  has  to  be  avoided  entirely.      In  all  chronic  painful 
ti  opiufQ  or  morphine  bis  to  be  given  guardedly,  on  account  of 
k  of  the  formation  of  the  opium  habit ;  the  patient  ouE^fit  to  be 
B  ignorance  of  the  drug  useil  as  far  as  possibic,  and  it  should  be 
Ue»l  with  others.     Of  course,  in  cases  of  incurable,  hopelo^s  dis- 
^'        ' "  - ■  ca n  o n ly  las t  a  co m pa ra t \ v e I y  s he » rt  ti m e  a i\ d  is  a tte nd cil 
^  '  ringj  this  objeetirm  dcies  not  hold,  and  it  may  be  neccs- 

b  ai^lminister   morphine   without  stint   and    in    ever-increasing 

tpbtoe  and  opium  are  often  said  to  be  contraindicated  in  Bright's 
5*>r  the  kidney.  This  seems  to  be  due  to  the  Iwlief  that  raor- 
wexcretetl  in  the  urine,  which  has  now  been  shown  to  be  erro- 
There  seems  no  reason  to  believe  that  morphine  is  harmful  in 
tooditions,  and  in  some  forms  of  urgeraia  it  has  even  been  of 
ikrable  benefit. 
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Acute  Poisoning  with  morphine  or  opium  is  the  commonest  of  all 
forms  of  intoxication,  with  the  cxc4?ption  of  the  alcoholic.  It  is  oftea 
ditiicult  to  diagnose  from  other  forms  of  unconscioysness,  but  the  ex- 
treme con  tract  ioti  of  tlie  popils  give  a  clue^  as  a  general  rule,  and  if 
opium  has  Ijeen  used,  the  lireath  often  has  the  characteristic  odor 

The  treatment  is  immediate  evacuation  of  the  stomach,  whether  the 
drug  has  been  taken  by  the  moutli  or  not^  as  even  wlien  injected  hypo- 
dermi*;ally  it   is  excreted   into  the  stomach   and   may  be   re£ib?oH)ed, 
Emetics  may  \m  employed   for  this   purpose,  but  often  fail   of  effect 
owmg  to  the  depression  of  the  medullary  centres,  so  that  where  |j05sible 
a  stomach  tube  ought  to  l>c  used  in  preference.     The  stomach  should 
l>e  thoroughly  washed  out  at    intervals^  in  order   to   remove  everjr 
trace  of  the  drug  a.s  it  is  excrett»d.     As  the  respiration  begins  to  fail, 
it  is  to  be  encouraged  by  irritation  of  the  skin,  either  by  dashing  cold 
water  on   it,  by  the  electric  current,  or  by  flipping  it  with   towels. 
The  violent  flagellation   fnrmeriy   advocated   with    the  view  of  en- 
couraging the  reiipirationj  served  also  usually  to  exhaust  the  nervous 
cjiergy  l>oth  of  patient  and  attendant.     When  these  means  fail  to  keep 
up  the  natural   brcatfiiug»  it  is  neeessiiry  to  resort  to  artificial  respira- 
tion, either  electrical  or  mechanical^  and  this  ouglrt  to  be  continued  as 
long  as  the  heart  continues  to  beat.     Enormous  dose.s  of  morphine  and 
opium  have  been  rea^vered  from  under  this  treatment.    ^Numerous  drugs 
have  beeu  advocated  in  acute  morphine  poisoning,  and  of  these  giffeine 
administered  either  hypodermically  or  in   tlie   form  of  strong  coflVe 
by  tlie  stomach  seems  the  most  satisfactory.     A  long  controvei>iy  has 
been  carried  on  as  to  whether  atropine  is  to  l)e  considered  an  antidote 
to  morjihiue  and  used  in  these  cases.      It  is  a  stimulant  to  the  medullary 
centres,  and  may,  theref(>r(%  l>e  used  in  small  quantities  ;  but  large  fpiau- 
tities,  such  as  Ijave  been  advised  by  some  authorities,  are  nndoul>tedly 
liarmfut,  as   atropine   itself  paralyzes  the   respiration   when  given  in 
sufficient  amount.      Bash  ford  staters  that  tlie  best  effects  are  to  be  ex* 
pected  from  about  l.o  mg*  {^^  gr.)  of  atropine  and  that  more  than  this 
increases  the  clanger  ^jf  respiratory  failure.     In  discussing  this  ques- 
tion too  great  %veiglit  has  been  laid  on  the  results  of  animal  experi- 
ment, which  is  not  convincing  in  this  case,  as  the  effects  of  morphine 
are  so  different  in  man.     Caffeine  seems  certainly  more  iDdicated  than 
atropine,  for  it  is  scai*cely  possible  to  paralyze  the  respiratory  centre 
with   the  former,  wdiieh  stimulates  it  ei|ually  strongly.     Alcohol  has 
been  advised  also,  and  as  far  as  its  local  action  is  concerned,  it  may 
increase  the  respiration,  but  its  direct  action  oti  the  respiratory  centre 
is  similar  to  that  of  opium.     Of  late  years  permanganate  of  potash  has 
\wm\  ail  vised  iu  ease  of  morphine  poisoning,  iKiniuse  the  poison  is  oxi- 
dized by  it.     A  certain  amount  of  poison  iu  the  stonuich   niay  !>e  de- 
stroyed in  this  way,  but  the  piirtion  absorbetl  is  unaffected  by  the  per- 
mangfinate,  and  the  method  is  less  efficacious  than  the  prompt  and 
repeated   use  of  the  stomach  tube.     The  hypodermic  injection  of  per- 
manganate is,  of  course,  entirely  useless. 

Ohronic  Opium  or  MorpMne  Poisoning  is  a  not  infrequent  condition, 
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brULoalelj,  seems  to  be  increasing  mpidly.     Amongj  Eastern 

eipeoially  in  Chinii  and  Intlia,  opium  is  .smoked,  and  some  cvf 

phtne  is  carried  over  in  the  ^moke  and  absorbetl  from  tlu/  res- 

tniet.     This  habit  is  nire  in  Enro|M:'ao  |K\">plus,  among  whom 

is  taken  by  the  numth,  generally  in  the  form  of  laiidannra  or 

or  is  injecte^l  hyjx>dermieally  as  morpliine  hydroelilorate  or 

,     Of  the  threi*  methods  the  first  seems  to  be  the  least  liarmfal, 

parts  of  China  the  majority  of  the  athdt  p(t|udatir»n  .seoms 

Ige  in   it  without  the  serious  results  whidi  are  met  \vit!i  in  the 

opium-eaters  and  niorphinomaniaes.     Tliin  result  may  be  due 

lO  mce,  or  to  the  fact  tliat  the  opiom-smoker  never  attiiins  to 

Dense  doses  taken  daily  in  the  eases  of  the  habit  met  with  in 

and  America,     In  the  beginning  the  quantity  usal  h  small, 

lolenince  is  attained,  ever  larger  quantities  are  required  to  pro- 

ly  effect,  until,  as  De  t|Liinry  states  in  hija  "Confessions  of  an 

•«aler/'  8000  drop.^  of  laudanum   may  be  required  to  stay  the 

[.     The  effects  are  generally  deseribed  as  stimulant,  Ixit  it  se€»ms 

tKat  they  consist  rather  in  <]epression  of  the  sensibility,  by 

the  unfortunate  patient  becomes  iineonseious  of  the  miseries  of 

dition,  and  may  accordingly  be  able  to   jicrform  his  duties  and 

appearances  bc^tter  than  when  de[>rivc.'d  of  the  jyoison.     The 

of  the  opium  habit  are  exceedingly  indefiuitei  and  the  diag- 

often  almost  impossible.     The  statements  of  the  patient  ought 

be  taken  into  eonsideration»  because  these  unfortunates  seem  to 

Rt  all  idea  of  honor  and  tnuhfubiess.     As  a  general  rule  they 

jsrous,  weak   in  character  and  wanting  in  energy,  and   utterly 

work  unless  when  supplied  with  the  drug.     The  pupils  are 

mntracted,  the  heart  sometimes  irregular,  and  tremors  and  un- 

faiJbn  walking   may  be  apparent.     The  appetite  is  bad  and  a 

HUjft'loss  in  w^eight  occurs,  and  the  movements  of  the  bowels 

^^Har,  constipation    alternating    with    diarrhcea.     Eventually 

Mm  and  dementia  may  follow  the   prolonged  use  of  opium, 

kecially  of  morphine.     Some  continue  tlie  habit  for  many  years, 

Wf  and  it   would  seem  with  comparative  immunity.     If  nior- 

i^  injected  habitually,  evidence  nuiy  be  obtained  from  the  small 

narks  on  the  front  of  the  body,  wliieh  often  give  rise  to  mul- 

IBOeoecso  of  small  size  from  carelessness  in  the  disinfection  of  the 

t     Ti"IQ|gfl_other  evidence  fails,  it  may  Ix?  necessary  to  give  a 

disguised  in  some  unusual  way  and  to  observe  if  it  in- 

habit ual  u sen^  t h e  grd i na ry  jjo se  will  have  little  or  no 

t^gitment  of  clironJe  mQEphine  poisoning  is  not  very  promising, 
il  and  self-c*c»ntrol  wmtld   seem  completely  paralvi^ed  in   many 
although  the  patient  wishes  to  Ik'  freed  from  his  enemy,  he 
trly  unable  to  withstand  the  craving.     The  only  means  of 
at  which  promises  success  in  most  eases  is  the  strict  regime  of 
llum  Qr  retreat^  w^here  the  patient  is  kept  under  constant  super- 
The  immediate  remov;jJ  oi'  the  drug  often  produces  Bueh  lu- 
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tonse  misery  and  depression  as  to  seem  actually  dangerous  ;  but  ; 
witluh-awal  ooglit  out  to  be  t*>o  gradual,  and  ought  to  be  complete  i 
two  or  three  weeks  at  the  mo!?t.     The  patient  has  to  be  watche^^ 
fully  for  long  after  he  has  apparently  recovered,  as  relapses  ar 
oeedingly  common. 

The  morphine  habit  has  often  been  combated  by  the  sul^stitutio 
other  drugs,  such  as  cocaiiit%  hut  the  I'esuU  generally  has  beeo 
new  and  even  more  dangerous  habit  has  bet»n  substituted  for,  or  ( 
merely  grafted  on,  the  orighiab     Xumerous  drugs  have  been  prop 
for  the  cure  of  morphinomania,  but  none  of  them  seema  to  hav«  i 
slightest  eflect. 
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Bfmor  Drugs  of  the  Opium  Series. 

In  sotne  other  members  of  the  poppy  family  (Papaveraceae),  alkaloids  art 

found  which  beai^a  c\*nm  reHemhkncc  to  those  of  opium.  Thei^  ure  Chfti- 
danine^  «-,  /^-and  y- ITt/mochelidofiine,  Chelerythrine  and  Sanf^uimtrine :  Protopine 
is  ali^o  fouml  in  a  number  of  oilier  papavcnicew.  Thes<?  alknl^dds  are  met 
with  in  very  bimiill  ipiautttie.^  in  various  plants,  of  which  Saujiruinaria  Caiwft- 
densi.**  (Bloodroot)  aud  Chclidonjum  niajus  (Cehiodine)  are  the  be.'^t  kaown- 
Chdidmitnr  ixml  'i-honwchelitioninv  resemble  morphine  in  their  e Heels  on  tJi«e 
central  nervons  system,  liut  have  even  less  stimu  hint  etfert.  In  I  he  frojsuo 
secondary  ill  crease  in  the  reflex  irritability  is  produced,  hut  iit  some  mana- 
mals  a  slight  stiumhvtion  of  the  sjiirml  eord  may  be  eaused.  They  have  tb® 
same  effect  as  protopine  aud  er^'\itovme  uu  the  muscieij  aitd  ht^irt,  aud  lil^® 
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^^^'«*  insenstbility  of  the  skin  and  cornea  when  applied  lot-ally 
ivzin^  the  termioatioiLS  of  the  sensory  nerves.  The  heart  is 
V  owing  to  stimulation  of  the  inhibitory  centres  in  the  mednlla, 
ntugh  direct  action  on  the  cardiac  mascle, 

'ir  han  lery  little  depressant  action,  but  eausea  tetanus  and  wild 

*  that  a^  far  as  its  action  on  the  cenLml  nervous  Jiystein  is  con- 

II  ..» -T*»rve:?  a  place  between  codeine  and  thebaine  of  the   morphine 

It  jio^-iesi^es  the  same  muscular  action  as  protopine^  however,  and 

t  Is  shiwed  ihroug:h  direct  attection  of  the  muscle*     Sangninarine 

the  ^»erip»heral  sensorj^  endings  when    applied    locally,   but    this 

is  preceded  by  a  stage  of  irritation.     It  causens  violent  perislaUis  of 

i,  and  increases  the  secretion  of  saliva. 

ne  rej!*embles  protopine  and  cryptopine  closely  in  its  effects, 
stimulation  of  the  lower  parts  of  the  brain  with  very  slight 
tbf»  intellectual  powers,  slowing  the  heart  tli rough   its  mtiscular 
paraly^ing  the  sensory  terminutions, 

inr  paralyzes  the  centrnl  nervous  system  without  ni^y  prelinii- 
10  the  reflex  irritability,  possesses  the  muscular  action  of  pro- 
id  cTj*ptopine,  and  lirat  irritates  and  then  paralyzes  the  sensory 
ions, 

of  these  alkaloids  have  been  used  in  therapeutics,  and  there  would 

to  be  no  indication  for  them  tliat  i^    not  as  well   met  by  o(nuni  or 

ne.     None  of  the  plants  containing  tbem  have  been  used  to  any  great 

although  Sanguinaria  Canadensis  was  fonaerly    occasionally   pre* 

Mi  a  nauseating  expectonint  and  emetic.     The  *^sangninarine  ^'  of 

ceh  generally  a  mixture  of  the  alkaloids  with  other  constituents, 

the  other  preparations  of  the  plant,  might  well  he  dispensed  with. 


,lik€ 


lllutiiti. 


U.    S.    P,    PrKP  A  RATIONS, 
^  the  rhizome  of  Sanguinaria  Canadensis,  b}oodroot,  collected 

I  Sangu  ina  rite^  1  -2  c .  c,  (1 5-30  m  i  ns . ) . 
>  Sanguinariae  Fluidum^  fKl-t)  5  e.c,  (2-8  mins.), 

celandine,  the  entire  plant  of  ChelidonJum  majus. 

BiBIJOCrRAPHV. 

\Mtiin.     Arch,  f.  exp.  Path.  ii.  Pbarm.,  xxijc.,  p,  31)7. 
Arch,  der  Pharmacie,  ccxxxix.,  p,  393, 

klonram— A  number  of  alkaloids^  some  resembling  morphine^  others 
I3*linmc  in  their  efiecl-s  on  animals,  liave  recently  been  isolated  from  dif- 
l  members  of  the  Anhalonium  genus  (Farn.  t'actact^ie).      In  Mexico,  and 
Etbe  aouthem  l>onndary  of  the  United  States,  where  Ihnse  ]*lants  are 
.  eoxne  of  them  are  used  as  narcotics  in  the  religious  rites  of  the 
»ftlicl  »re  known  as  Pellote,  Peyotl,  or  Muscale  or  Mezcal  Buttons. 
ipt4iuis  arise  for  the  most  part  frt»m  the  cerelirum  and  dilfer  from  th<»so 
\  and  cannabis  iiidica  in  the  frequency  with  which  color  visions  are 
thc^ke  consisting  in   constantly  shifting  Hashes  of  brilliant  cabim. 
paling  i-s  not  followed  by  merriment  as  in  cauuabis  nor  by  sleep  like 
in*  but  depression  of  some  functions  is  indicated  bjn  the  imperfect  co- 
lion  of  the  moveuicuts,  the  retarded  perception  and  the  er rot's  in  the 
on  of  time.     The  exaltation  seem?^  to  be  caused  for  the  uifist  yiart  by 
Itlie  alkaloids,  mezcaline.     Ver>'  large  doses  have  induced  unpleasiint 
\  through  depression  of  the  respiration.     Anhabuihim  and  pellotine, 
vi*  of  Hd  alkidoidja^  have  been  used  as  narcotics  in  a  few  cases  of  insomnia* 

If^    Areh*  t  exp.  Path,  u-  Pbarm.,  xxiv.,  p.  401  ;  xxxiv,,  p.  374, 

H#«r.    Ihid,  xxxSv,,  IK  <V5  ;  xl.,  p.  395. 

'Wb  <iW  ,l/or//fin.      .Vied.  Kecord,  IStMl,  Aug,  22. 

'M*.   Jonm*  uf  PhybiuL,  xxv.,  p.  tiS>, 
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heart  in  warm-lilootled  animals,  but  extending 
Itrd  iiiiiiicle  of  the  fro|^. 

iKl  ii^jpear  to  give  hydriistine  a  position  near  that  of 
It  tliffers    from    most    of  the  t»piiim    alkaloid,'^   in 
pre  strongly  on  the  iiiedulla  than  else  where  in   tlie 
?teni.     Its  action  on  the  heart  and  muscle  is  analo- 
f'erul  of  the  opium  alkaloid*.      Hydrtii^tine  is  excreted 
fine,  and  dcK!s  not  form  hydrasti nine  in   the  organism 
m  surmised  from  its  Ix^havior  towards  oxidizing  sub- 
is?  adtaiDistered   for  some  time,  a  cumulative  action 
leJopeiL 

(all  quantities  p»rodore^  depressioti  and  drowsiness  followed 

arery  without  further  symptoms.     In  larger  i|uantities  w 

\  it  caused  a  short  ;>ta^e  uf  excit'emeut,  which  was  ftiilowed 

jpttfaly.sis  of  the  central  nervous  system.     U  ha^  little  or 

iiBmmaliau  circulation   when   adaiiuisreretl  m  urtlinary 

'  quiiulitieij  cause  weiikne^s  and  arhythmia  of  the  heart. 

jjowtni  by  violent  peristalsis  of  the  intestine  an<l  diarrhcea. 

at  iu  only  very  small  qimntity  ia  the  tfulden  tSeal  aud   ha^j 

'  Importance  ia  tberapeuttc^. 

an  artificial  alkaloid  formed  from  hydra^stine,  has  of 
.a  certain  aaiount  of  attentiou  from  its  alleged  power 
_  >rrhage.  It  seems  to  differ  tViun  liyilrastine  in  caus- 
d  disturbance  of  the  centres  of  moti*ni  and  feeling  save 
lo0e:»,  w^iich  paralyze  the  nervous  system,  aud,  in  the  frog, 
MIS  of  the  motor  nerves  in  mu^scle  (Sautcsson).  On  tlie 
|0  action  ou  the  meduUa  oblongata  reseoibtes  that  of  the 
Bce.  The  heart  is  slowed  stuoewhal  by  small  di>ses,  ap- 
i  stimulation  of  the  vagus  Ci'utrej  aud  the  arterial  tensii>n 
iiyui  after  hydrasti ne.  Unlike  the  latter,  however,  hy- 
Hba  very  pi'oh>nged  augmentation  of  the  bloud-pressurc, 
S  Dot  tend  to  depress  tfie  heart  io  the  same  ex  tout  as  hy- 
fact,  several  authors  believe  tl»at  it  lucrease^s  the  eiti- 
tieart  movements  from  action  on  the  muscle,  although  the 
somewhat  sloweil  by  stimulation  of  the  inhibitory  centre, 
irge  quantities,  the  pulse  is  often  extrenu'ly  rapid  from 
he  inhibitory  centre, 

l^he  inereiised  arterial  tension  is  still  uudccided.  There 
H|oQbted  stimulation  of  the  vaso-niotor  centre,  but  ac- 
^B writers,  the  peripheral  vessels  are  contracted  by  direct 
fkll?^  as  welL  Tlus  statcuicnt  seems  open  (o  <juestiori, 
e  of  the  experiments  on  which  it  is  fouudctl  being  alto- 
ctciry  ;  thus,  while  Fa  Ik  found  w^ell  marked  contraction 
linal,  and  es|)ecially  of  the  renal  vassels,  w  Runge  denit^ 
I  vesseb  are  constricted.     It  has  l>een  repeatedly  stated 

Se  prcnluces  rliythmicul  contraction  of  the  uterus,  and 
animals,  but  this  d<x^s  uot  seem  to  be  correct.  It  ap- 
direct  action  on  the  muscle  of  this  organ,  but  iU  ves- 
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sels  undergo  constrictiim  like  those  of  the  redt  of  the  body,  and 
may  *t<5p  hemorrhage  and  at  the  Bame  time  cause  asphyxia  of 
foetus  and  tilMKrtioii,     It  must  be  stated,  however,  that  several 
ou  hydrastiiiine  hold  that  it  causes  contraction  of  tlie  uterus  thi 
aetitm  on  the  muscle,  and  the  question  deserves  further  investigad 
Archangel  sky  states  tliat  a  10  jjer  cent,  sohition  of  Imlrastiniiiej 
plied  locally  causes  dilatation  of  the  pupil,  which  reaches  it8  maxir 
in  2—3  hours,  and  lasts  for  12—15  hours. 


Preparations. 

Hydrastis  (IT.  8.  V.\  Hydrastis  EMzoma  (B.  P.),  the  rhizome  and  i 

of  Hyilr:t,slis  1 'aTJudt'iisls^  Irolclcii  Seal. 

ExtrneUim  HtfdruHtw  Fluidum  (U.  S.  P.),  1-4  c.c.  (15-60  nuus.)> 

Extract  MM  HijdniJ^tis  Liqukinm  (B,  P.),  5-15  roins. 

(Myceritum  Htfdraittfjt  (U,  S.  R),  1^  e.c.  (15-60  miiis.), 

Tinctura  HifdniAth  {V,  8.  P.,  B.  P.),  1-4  c.c.  {15-<j€  mins  ). 

KydrtuitinintF  Rydrochlorm  (U.  S.  P.),  0.0:i^>.l  G.  (j-*2  gTS»),  given  in 
lution  hypoikn-iuitiaily  or  by  the  iiioutb,  or  in  pilk  or  tablets. 

Therapeutic  Uses. —  Hydrastis  lias  V>eeii  used  as  a  stomachic  bittff 
and  the  lurge  quantity  of  herherine  contiiioed  in  it  would  seem  to  pKt 
it  'A  place  aloug  with  the  simple  hitters.  It  has  also  been  credited  iiitk 
some  olj-^cure  nction  on  the  mucous  membranes  when  hx'ally  appli<J, 
thn*iifi;h  which  it  is  said  to  bencBt  many  forms  of  catarrhal  inf! 
tion.  For  tbi?i  purpose  the  glycerite  maybe  used.  Besides  v 
conditions  in  whicli  its  use  was  attouded  by  doubtful  suc^^eiss,  it  hiS 
been  nsed  in  hjemorrhage  from  the  uterus;  but  for  this  purpose, 
hydrastiniue  ought  to  be  preferred,  as  it  causes  a  much  givater  con- 
striction  of  the  i)en|)heral  vessels  than  hydrastine,  and  acts  les»  on 
the  heart*  The  couditions  in  which  it  is  indicated  sc*em  to  be  moder- 
ate haemorrhage,  for  which  no  contraction  of  the  uterine  walls  is  re- 
quired ;  for  example,  hydrastinine  is  of  value  in  excessive  menstruJ 
flow,  wliile  in  post-partum  hiemorrhage  it  seems  to  have  little  effect, 
becauss  here  the  hiemorrhage  is  to  be  met  rather  by  inducing  contrac- 
tion ot  the  uterine  walls  by  the  use  of  ergot  than  by  constricting  the 
ves*^els  There  seems  no  reason  why  liydnistiuine  should  not  be  ustid 
in  other  forms  of  hiemorrliage,  for  it  does  not  act  more  on  the  ntei 
vessris  tbau  on  others  tlirtHighiKit  the  body.  

Hvflrastiniue  has  been  fouutl  to  lessen  somewhat  the  irritability  of 
the  motor  areas  of  the  brain,  and  its  use  has,  thereforcj  been  su^«>?te« 
in  epih'psy, 

Ctitiiniine  hsis  been  rtitroiliuT*!  under  the  name  of  Sfypticine  as  a  substitnt^ 
for  byilrj.stiniiu'  in  uterine  lia'iuorrbage.     Dose,  O.U12-CL03  G,  (J-J  gi%).     ^^ 
roseiiiblt's  bydrastinine  in  it.s  general  action  and  has  received  some  reooi**^ 
mentlutiou  at  the  hands  of  gj^aet'ologists. 
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P.  Marfori     Arch.  f.  cxp.  Path,  u,    Pharm.,  xxviL,  p.  16L 
zxviii.,  p.  19L 
E,  Ffdl:     Virchow's  Areli,,  cxix  ^  \k  .'M»  ;  cxiii.,  p.  3«»0, 


Arch.  ItaL  de  BtC»l*, 


CANNABIS  INDICA, 


233 


Tltemp.  Gai.,  1891,  pp.  289,  361, 
[a  Amor.     Arbeit^na,  d.  pliarmakt>h»g.  Institut.  EVirpat,  xu  and  lii.^  p.  110. 
ir.     Cent  ml  bL  f.  PhvsioL^  xi.,  p.  374. 

m.     Bk&ndin.  Arch,  t  FhymoUygie,  vi.,  p,  308. 

Arch,  de  Phurinaetidvnftm^j  iv.^  p.  207  ;  v.,  p.  21. 
I  omf  i^anfrrty.     Brit  Med,  Jour.    ISDS,  li.,  p.  1052. 


V.    CANNABIS  INDICA, 

The  hemp  plant  i>ossesses  no  pharmacrtlogiral  interest  when  grown 
,  temperute  rt^inus,  but  when  cultivated  in  warm  climates  as  in 
Egypt  or  the  southern  United  States,  it  develops  products  which 
tux  marked  derangements  id*  the  cent  ml  nervous  systenj.  The 
limn  plant  was  funnerly  supposed  to  \>e  a  dir^tinct  sj>eeie.s,  but  differB 
[little  from  the  European  form  tliat  liutanists  now  con.sider  them 
elv  varieties.  The  old  name  of  Cannabis  Indica  has,  however, 
retained  in  raedieine.  Its  introduction  into  Western  medicine 
iWtm  the  beginning  of  last  century,  but  it  has  Ix'cn  nsed  as 
lilt  in  Asiatic  eountries  and  in  Africa  since  unknown  time, 
under  the  names  of  Ila^lmh^  Bhauf/^  Ganj<t^  (J haras  or  (Jharrm^ 
bitnally  imlulged  in  by  ^ime  one  or  twi>  hundred  millions  of 
Some  of  the  preparations  are  sraoi^cd  either  alone  or  mixed 
>;  others  form  an  intoxicating  drink,  while  in  others  it  is 
I  with  i*ugar  or  honey  and  taken  as  a  confection. 
"A  large  number  of  investigjitors  have  attempted  to  isolate  the  ac- 
t  principle  of  Indian  hemp,  and  it.s  virtues  have  been  attributed  in 
to  a  resin,  a  glueoside,  und  one  or  m(>re  alkaloids,  each  investi- 
■tor  invariably  failing  to  contirm  the  statement  of  his  predecessors. 
Ule^t  examination,  by  Wood,  Spiney  and  Eitsterlicld,  resulted  in 
•diseovery  of  a  number  of  ter])enes  and  of  a  red  oil  or  resin  boiling 
i  a  high  temperatore,  wliieh  they  term  Cmimihlnol^  and  which  was 
*iD(l  by  Marshall  to  induce  the  typical  effects  of  eannabis  indiea  in 
an  and  in  animals.  Its  characters  and  true  nature  can  be  discovered 
nljr  by  further  investigation,  but  it  seems  likely  tluit  it  will  prove 
'ly  related  ia  the  active  principles  of  some  of  the  volatile  oils.  The 
Bat5i»l(jgi«d  action  of  C4innal>is  indica  |ireseuts  so  mimy  features  in 
ICMAmon  with  that  of  opium  and  in  particiihir  with  that  of  anbalouium 
rtW  it  may  In*  ar^igned  a  j>laee  near  them. 

Symptoms. — The  effects  of  cannabis  indica  are  elnefly  due  to  the 
k^anges  in  the  central  nervous  systeui,  in  wliich  it  induces  a  mixture 
rf  Hfpre^siou  and  stimulatiim  similar  to  that  seen  occasionally  under 
*^n>hi«e.  Its  action  is  much  less  constant,  however,  and  seems  to 
flt|ierKl  very  largely  on  the  disposition  and  intellectual  activity  of  the 
ii*«lividuiib  The  prei>anitions  used  also  vary  considerably  in  strength, 
W  the  activity  of  even  the  crude  drug  seems  to  dejiend  very  largely 
^  the  climate  and  season  in  wbicli  it  is  grown,  so  that  great  diserep- 
*Ocii««  occur  in  the  aee<:)untvS  of  its  effects.  Soon  after  its  adtnitnstra- 
^•*^pthc  patient  [»asses  into  a  drenmy,  semiconscious  ,>tate,  in  wbi<'h  the 
ji'dpient  geems  to  be  lost,  while  the  imagination  is  nntrnmmeled  by 
'tsuHijii  restraints.     The  dreams  ui:Hume  the  vividness  of  visums,  ate 
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of  bountHosa  oxtnivagance,  and,  of  course,  vary  with  the  cli  a  meter  and 
jiursuits  nf  the   inrli%iduuL     In  tho  eastern  racp.s  they  i?eeiii  geuenilly 
to  partakt'  iif  an  amorous  nature.     The  true  lieliever  sees  the  gardens 
of  pararlise  and   finds  himself  surrounded  by  troops  of  iiouris  of  an— 
Speakahle  l)eauty,  whik)  the  K^ss  inui^rinative  European  finds  himself  urt— 
accountably  happy  and  feels  constrained  lo  active  niovementj  often  uf 
pnriK)seless  and  even  al^surd  cliaraeter.     Ideas  flash  tlirongh  the  raim 
without  apparent  a>ntinnity^  and  all  measurement  of  time  and  sjiac 
is   lost.     True  hallneinationg  may  appear,   but  are  often  absent,  tW  ^ 
chief  features  of  the  action  being  merriment,  conifnrtj  well-being  an  « 
self-satisfaction.     Often    less   pleasant  thoughts    obtrude    theniselv<*^^ 
however,  such  as  the  fear  of  ini|K*nding  deatli  or  of  some  imminent  ii^    ^ 
definite  danger.     During  this  period,  the  consciousness  is  not  entirel; 
lost,  for  the  patient  oi'ten  feels  that  his  dreams  are  unreal,  his  satisfaetioi 
unformded  and  his  movements  ridicuh>ns,  hut  he  cannot  restrain  them 
he  can  giv^e  a  cnherent  account  of  his  conditi^m  when  aroust*d  anti 
answer  questions  intelligently.     Tlio  sensation  of  pain  is  lessened  01 
entirely  absent,  and    the  sense  of  toucli    is  less  acute  than  normally. 
Later  the  dreams  alternate  with  periods  of  c<implete  nnconseiousnei?s, 
from    whieli    the   patient   can   be   arfinscd   easily,   and   the   symptoms 
ev'^entually   pass  into  tranquil   sleep,  fnim  which  he  awakes  refreshed, 
and,  as  a  nde,  without  any  feeling  of  depression  or  nausea.      In  the 
majority  of  cases  the  prelinn'nary  stage  of  exaltation  is  wry  short  or 
entirely  a  lis  cut  in   Europeans,  the  first  ettccts  of  the  drug  often  being 
heaviness,  drtiw^iness,  nuises  in  the  ears  and  nnml^ness  of  the  extrem- 
ities, which    pass    into   deep   sleep*     Ace»irding   to  Dixon  the  drug  ia 
much  more  exhilarating  when  inhaled  than  when  swallowetl,  anil  this 
may  account  for  sunie  tjf  the  variations  in  its  action.      In  some  ciises, 
acute  mania  and   convulsive  attacks  have  been  developed,  and  anmng 
the  natives  of  India  eatnlephiy  occasionally  occurs. 

In  animals,  the  effet-ts  of  cinmahis  indica  seem  to  resemble  those  in 
man  and  present  the  same  marked  variations  ;  a  stage  of  exaltation  witli 
increased  movement  is  sometimes  present  and  is  followed  l)v  depres- 
sion, la^^situde  and  sleep.  The  reflex  excitidnlity  is  first  inerea^ied  and 
then  diminished  in  fr(»gs.  Vomiting  is  often  induced  in  dogs  and  cnts, 
but  cannabis  ijidica  differs  from  opium  in  producing  no  disturbance  of 
the  digestion  and  no  constipation.  Tlie  heart  is  generally  accelerated 
in  man,  when  the  drug  is  inhaled  ;  the  iiitravenous  injection  in  animals 
slows  the  pulse  partly  tli rough  iuhilntory  stimulation  and  partly 
through  dir<Tt  action  on  the  heart  muscle.  This  action  on  the  heart  is 
stated  by  Dixon  to  be  the  cause  of  death  after  poisonous  quantities,  for 
he  fountl  the  respiratioil  persist  for  some  seconds  after  standsiill  of  the 
heart,  Tlie  pu|>il  is  generally  somewhat  chlated.  No  etfeets  have 
been  noted  in  reganl  to  the  glandular  secretion,  such  as  might  be 
expected  if   muscarine  were  present,  as  has  been  asserted. 

Deatli  from  acute  piisoning  is  extremely  nire,  and  recovery  has  oc- 
curred after  en*)rmons  doses.  The  continued  abuse  of  hashish  in  the 
East  sometimes   leads  to  mania  and  dementia,  but  does  not  cause  the 
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fdUtiirhanoe  of  nutrition  as  upiinu,  and  the  habitual  use  of  small 
Cifus,  whirh  5^  Jilinost  iinivcTsal  in  sniiic  eastern  pooplc^s,  doc's  not 
tldriraental  to  them,  although  among  Euro[»eangi  it  might  possibly 
be  ai  &Uil  as  that  of  morphine. 


Peep  A  RATIONS, 

CaowMs  Indica  (IT.  S.  P.,  B.  ?.),  Indian  hemp,  the  flowering  tops  of  the 
■    '     !  ml  III'  l*utiuabis  siitiva  (hemp),  p'own  In  the  Ea^t  Indies, 

m  Cannahi»  Jndiae  (l\  S.  1\/B,  P.),  Oji2-0.Dfi  ii,  (i-1  gr.). 
j-jirunniH  (\irinnbis  Judicir  Ffuhltttn  (U.  S.  P.),  0.1-0. .3  c.r.  (2-5  mins.). 
Tt?fiTPBA  Cannabis  Indice  (U.  8.  V.,  B.  P.),  1-2  c.e,  (15-30  rains;). 
^IV  pri'itamtioiis  vary  extremely  in  Mroiijtrth  and  many  are  entirely  incrt» 
"    ally  whin  they   huve  Wvw  kept  sume  time.     The  nnollieiivt  |irefiaru' 
,  loi'h  118  "eannabin  tuiiniite/'  eannabimin^  ele,,  seem   to  be  no  more 
fflfaibli*  limn  the  pliarmacopuMal  onei*,  and  oiler  no  advantages  at  all  com- 
UMBOiumte  with  their  priei\ 

Ihiil^tic  Uses.  —  Cannabis  indica  is  used  as  a  hypnotie  in  cases  of 
JaeplttHDess  fmm  nervous  exliaastion  and,  less  often,  from  pain.  It  is 
wi  nearly  so  reliable  as  opium,  and  in  fact  pt*mbices  sleep  in  only  alwiut 
SOiierwiit,  of  the  ea^^es,  af^^*ording  to  some  authors.  On  the  other  liand, 
<loa  not  disturb  the  digestion  and  produces  no  subsequent  nausea 
od  depn*ssi<»n,  and  may  therefore  l>e  employed  in  some  eases  in  wliieb 
[>iurii  if  tHattraindieateth  It  is  of  use  in  some  cm^vf^  of  migraine,  and 
!U  presicribeil  as  a  substitute  for  opium  in  njental  diseases. 

tucarinin  (t*.  8,  P.),  the  dried  juiee  of  I^irtnea  virosti,   the  eommon 

ilaci,  i^  rt-*jiuled  to  have  some  hyptmtie  properties.      It  contains  nenlnil 

teler  flubsti^nre^,  lactucin  and  iartiiam,  and  it  has  lieen  staled  reeently  that 
tmmiof  by<»#*ey amine  and  atr4»pine  are  also  present.      In  any  ease  its  action 
^HHk^b1e  that  hall'  an  ouitee  has  been  administereil  to  a  Vlu^  without  etfeet^ 
^^^^pt*ems  quite  mitieeesstiry  to  inetnde  it  in  the  pharmueoptem. 
^^^^Bj^^— 7Vn«*/imi  LactucariL 

^^»  BiBUOouAfHY'  OP  Cannabis  Indica* 

JfliHMUL     fnmuf?.  XYm^  Erlnnn^nt  1855.     (Historical.) 
Theni(M^iitic  iJii/Antts  1S8T,  |>.  225. 
'mji-r,     l>out>*oh,  XMu  L  Iclm.  Meti,  xxv.,  p.  40. 
Pruc.  AiiK^r,  IMiil.  S,k.%,  l^ilUI,   p.  1^*0. 


I     tx*hrh,  der  l^liarmakolo^ie,  1808,  p.  4m 
yitfnfiltK     Areh.   Itul.   de  BioL|   xxiii.,  p.  4< 


409.     Bcricht.  dcr  Borl  Cheni, 
18t»"s  Iv.,  p.  5.">H, 

Ijincci,  1897,  i.,  p,  2JVi.     ArMeriean  Medictil  jQUmjil,  181*8,  ii.,  p,  8S2, 
EriU  ^led.  Jouni.,  1899,  ii.«  p«  136. 

VI.    AFOMOEFHIWE. 

jifaiue  IS  aeted  on  by  acids  and  by  some  other  deliydrat- 
it^j  It  loses  a  molecule  of  water,  and  a  new  alkaloid  is  forratHi, 

TlinKifrh  this  change  the  action  of  the  original  alkaloid  is  consider- 
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paraljxe  the  muscles  anil  x\w  heart  through 

OB  die  fibres     The  muscular  action  may  i\\m  be  dcniou- 

I  oo  exdaed  mu^le^,  in  which  the  elasticity  U  loj^sciteJ,  anil  the 

liootnetsoos  b«ci>iue  weaker  and  eventually  cease  entirely.     This  weak- 

jin  til'  'action  uf  the  muscles  ha.**  not  been  oliserved  in  mam- 

Iflttbfiiid  1  lUimct  from  the  feeling  (>f  wcukue^s  ac<.M>mpanying 

ftmek  in  naa,  f<»r  ttie  hitter  h  certainly  of  cerebral  origin,     ^o  emesis 

istiMbioed  m  froi^  ftltboogh  these  animak  are  not^  like  the  herbivora^ 

ioGipibk  of  vofnittng. 

Vcfj  0BnU  do^  -     '*     ^^tnorphine  may  induce  the  secondary  symp- 

toiitt  witlioiit  adtta  rig.     Thus  the  saliva,  perspiration,  tear^  and 

L  ittbr  secTfrticHis  ma^  be  atigiiieiited  by  quantities  which  are  tcwj  ^imall 

^  t^iet  19  eflieti€»3^  tboogfa  ihefe  b  no  question  that  these  are  due  to  the 

ooomeoeiiiif  efnetic  action. 

Aponorpliiiie  imiooes  vomiting  through  changes?  in  the  medulla  ob- 
[  loQiflfil  IM  ool  bjr  irritation  of  tlie  stomach.  Thi:^  is  shown  by  the 
&et  tint  it  ads  moch  mone  quickly  and  in  smaller  dnsed,  when  it  is 
injected  hypadrnDiodlT  than  when  it  is  swallowed,  and  al^Mi  by  tlie  fact 
Ikt  if  th^  medulla  be  bnisbed  with  apomorphine  solntioQ,  vomiting 
'  fcUows  tHunedtatdT.  It  is  evoi  disputed  whether  ap«»morphine  has 
WSJ  dfcel  OB  the  gastrie  moTemeDts  at  all,  for  Batelli  states  that  the 
flMBek  '— ■m*'"*  €|iDtif  paari^^  daring  vomiting,  while  Schntz  found  it 
nodergotiig  aatipnisimltao  m/jfT^m^uU  towards  the  cardiac  orifice.  In 
any  cue  tbe  DOTvaieiilB  of  ibe  atomaeh  {day  an  unimportant  part  in 
the  evientios  t/  its  coBioda  bj  apomorpliine,  and  all  the  pheDOfDena 
tfl  ntn  are  to  be  ■trihd  to  nediillarT  actioD. 

f  said  to  have  some  aiuesdietic  effecto  oo  Ibe  eomea 

m  diQpped  apoo  it.     It  eaoaes  cloodliieai  and  cooee- 

of  flgMf  bovever,  and  bas  not  been  naed  pncticillf 

■jurphiae  is  not  excreted  inlo  tbe  #n«afb 

Ai  air  DBHBBHb.  and  it  is  fosible  thai  it  is  dccxMiiposed  to   tbe 

ibfe  in 


^m  mamywmmai^Sm  beie  too  tbe  fint  ejmp- 
loicd  br  dgm  of  exettefl»fit«  wUdi  ate,  bow- 


m  bf  figm  of  exetteflMot,  wUdi  am,  \ 
'  tine  of  deprasioii  of  «m 
*    -    *     •  itbe   - 


r«tkr< 


wfy< 


oTthepmatbodf,! 

firan  tbe  tTpe  of  tbe 


^telbef 
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anil  apricot,     lu  smtilkr  c|iinntities  they  liave  bten  found  in  the 
antl  leaves  of  several  of  these  tre*?s  aud  in  the  laurel  (Prunus  la 
cerasas).      In   the  sweet  almuntl  etnulsin  occurs,   btit    no  uD' 
When  bitter  almonds  are  rublMMl  into  a  paste  with  water,  pril- 
ls formed  by  the  action  of  tlie   fernient  on  amygdalin,  and  very  \ 
«inanlities  of   such   a   pa^te  may  give  n.*e   t<t   unplcjisant  symplj 
especially  in  children.      A  more  dangerous  substance  is  the  oil  of  i 
almonds,  which  consists  of  Ixnizaldehyde  and   prussic  acid  in  a 
combination  and   in  very  varying   pru|K>rtions,     Several  liqueur^l 
distilled   from  kernels  and  fruits  containing  amygdalin,  and  thci 
possess  a  variable  pfTtX'ntage  of  prnssic  acid.     The  l>est  known  of  1 
are  Kirschwas.ser  and  Marascliino.     Laurel  water  and  the  prepar 
of    Virginian   cherry   bark   contain    benzaldchyde   and    prussic 
although  these  arc  in  too  small  quantity  to  have  any  jxiisonous  actl 

Prussic  acid  and  its  salts  have  practically  the  same  action,  althoog 
none  of  tlie  latter  are  so  i>ois<>n*>us  as  the  free  acid.     Cyanogen,  (CI 
also  resembles  prrissic  acid  in  its  effects,  but  is  nut  so  active. 

The  ferroc5*anides  and  other  double  cyan  ides  are  in  moet  cases  hai 
but  other  comptiuuds,  from  which  prossic  a(4d  is  formed  in  the  orgj 
are  poisuuons.  The  organ  ic  com  hi  nations  eontaitiing  the  —  CN  i  _ 
form  two  series,  the  ISitrHet*^  in  which  the  nitrogen  is  trivalent  (f.  j^., 
CH^- — C  =  X),  and  the  laonitriles^  or  Carbylumine^,  in  wliieh  the  alkyl  isit' 
taebed  to  the  nitrogen  (e.  //, ,  CH^  —  N  ^  C).  Tht'se  compouuds  are  all  much 
less  poisonous  than  prussic  aekl,  and  the  nitriJes  are  said  to  differ  from  ttm 
their  elieets,  inasiuiith  as  the  rhief  symptoms  caused  by  them  ari.-e  from 
fj^tro-intestiiml  irritation.  The  isoidlriles  art^  more  poisouous  than  tht 
nit  riles  and  resemble  I  he  aeid  more  rloscly  in  their  action.  Both  aitriles 
and  isonitriles  |j;ive  rise  to  the  formation  of  prussic  acid  in  the  tissues. 

Symptoms  and  Action.  —  Prussic  acid  first  stimulates  and  then  pri- 
lyzes  the  central  nervous  system  in  mammals,  but  it  acts  on  so  ninnf 
forms  of  living  matter  that  it  merits  thedesignation  of  a  general  proUK 
plasm  poison.  The  fatal  dose  in  man  is  !>t'lievL'd  to  beabout  O.Oo-O.OSt 
G.(l-li  gr.)ofthe  pure  acidj  certainly  a  nmcb  larger  quantity  than  ii 
fatal  in  cases  at  poisoning  with  some  of  the  alkaloids  and  ghicosid©. 
Prussic  acid  acts  much  more  rapidly  than  these,  liowever,  and  has  thus 
gained  its  reputation  of  being  t!ic  most  dangerous  of  |>oisons. 

After  very  large  doses  in  mammals,  tliere  may  be  practically  nO 
symptoms  ;  the  animal  falls  to  the  ground  with  a  sliglit  convulsiw 
movement  or  a  screanij  and  death  fed  lows  in  a  fewsecx)nds  from  simul- 
taneous arrest  of  ttie  heart  and  respiration. 

In  smaller  quantities,  prussic  acid  has  a  bitter,  acrid,  burning  taste, 
which  is  aeeonipanied  by  salivation,  and  is  tbllowed  by  numbness  intb^ 
month  and  thrwtt.  A  sensation  of  warmth  in  the  stomach  is  follow'fd 
by  nausea  and  vomiting,  confusion  and  headache,  dyspnoea,  slow  pttl;*! 
and  gt^nenU  muscular  weakness.  The  pupils  are  widely  dilated  flotl 
the  cycl)alls  protrude,  :xs  generally  in-enrs  in  at^jihyxia.  Unwnscioiir 
ness  ftdlovvs,  aud  ttien  violent  couvulsiouj,  which  pass  into  paniM^ 
With  invohmtarv  evacuation  of  the  c^ju tents  of  the  bladder  and  howd, 
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.  seooiid  tiae  of  emetics  h  in  intlammutory  conditions  of  the  res- 
M^cs ;  the  object  here  in  to  induce  iiu  increased  secretion 
lit    pf"  *     *     '    emesis,  and   very  small  quantities  are  therefore 
Tlu'  **oaditioD  in  which  this?  class  of  reoiedie,s  h  of  tier- 

iis  bnmchiuk  irritation  with  a  sticky  mucous  secretion  which  causes 
but  can  only  be  expectorated  with  difficulty.  The  imhcations 
\(ot  a  mild  and  prolonged  action  such  as  can  be  induced  by  small 
of  ipecac imn ha y  antimony  and  similar  bodies,  rather  than  for  the 
r  tmnsient  effects  of  apomorpliine,  Imt  the  latter  has  been  ad%^ised 
\  fome  authorities.^ 

I  v..     :    ;^  contraindicatetl  in  all  conditions  in  which  a  sudden  rise  of 
ire  may  be  dangerous^  as  in  atheroma,  fatty  heart  or  aneu- 
a,  iuJ  where  there  is  any  danger  of  rupture  of  the  abdominal  walls 
^organs  as  iu  hernia,  advanced  pregnancy  (especially  if  there  be  any 
to  abortion)  gastric  ulcer,  and  generally  in  impacted  gall- 

BtBLlOGRAPUY. 

Sdmt    IflAUg.  IMsft.,  Dorpat,  1871,     Wagner's  Apchlv.  f.  Heilkunde,  xii.,  p.  522. 

(ML    Irwaie.  Dik.,  Halle,  1872, 

Banatk     Arch    f.  exp.  Path.  u.  Pharni,,    iL,  p.  254;  iii.,   p.  64.     Tlierapeut. 
Immkk.,  \m%  p.  270. 

lltMkijA.     Virehuw'g  Archiv,  cxiiii.,  p.  44. 

Jfimsa,     BriL  Med-  Jnurii.,  1891,  i.,  p,  452. 

QmmL    Schmidt' d  Johrb.,  ccxli.,  p.  13(). 

vn,   PRUssic  Acm. 

Pruseic  or  hvdroeyanie  acid  dilTers  entirely  from  the  other  acids  in 
[to  pharmacological  action,  and  has  therefore  to  be  described  apart 
I  hm  I  hem. 

The  pare  aeid  is  scarcely  ever  seen  save  in  the  chemical  laboratory, 

'  b  an  extremely  dangerons  body  to  handle,  as  it  is  very  volatile 

iiml  its  fumes  when  inhaled  may  produc^^  death  within  a  few  seconds. 

[h  L*  g^oerally  met  with  in  a  very  diinte  solntiou^  whinh  is  formed  by 

tbi?det\>mpoftition  of  one  of  itj?  sjalts. 

In  Damre,  prussic  acid  occurs  iji  the  secretion  of  some  of  the  myria- 

I Hi,  and  in  the  decomposition  products  of  a  few  glucosides,  of  which 

J"iv«^2/m  is  the  bes^t  known.     Aniygdalin  is  in  itstdf  practically  in- 

Mivt,  but  may  be  decomposiHl  by  dilute  acids  or  l>y  a  ferment^  emol- 

hun,  which  is  generally  found  [t*?j^ociated  with  it  in  plants.     The  prod- 

I  ocu  of  its  decomposition  are  prussic  aeid,  bensialdehyde  and  glucose, 

^^^Uhe  process  may  l>e  represented  by  the  formula, 

Atnygdiinn.  Pruxniu    Bensnldeh^dei      GlnooM. 

add.  •  -  • 

CjoH^xoi,  +  aHaO = csn  -f  cji.cho  +  2C,ii,,0e. 

Botbamygdalin  and  emulsin  occur  in  the  bitter  almond  and  in  the 
•^njela  of  a  number  of  fruits,  such  as  the  apple,  cherry,  prune,  plum 

-^fni&OTplitne  is  occswinnally  mentioncfl  as  a  hypnoticj  byt  I  lie  preliTJiinurj  vora- 
.l^ftouldcertainlj  prevent  it*  us<?  for  ibis  piirpoHt'  unless  in  quite  exceptional  con- 
iiom,  j|  j^  ^^j  unlikely  that  in  some  inwtitnces  morphine  may  be  oontaiQed  id  the 
'^Nthftt  this  may  expkin  this  narcotic  action. 
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The  Oircalatioii  is  altered  mainly  through  thfe  action  on  the 

nervous  system*  altliough  pms.sio  aeid  aUo  acta  directly  on  the 
Tlie   .stimiihitir>n   i>f  the  iuhibit^jry  centre  generally  slows  the 
but  this  is  aeounpanied   by  a  very  eonsidemhle  rise  in   blood-pi 
ffym  inoreaseil  activity  of  the  vaso-con stricter  centres.     Tliis 
stimulation  later  passes  into  paralysis  and  tlie  blood-pressure  falls 
the  depression  of  the  vaso-motor  centres,  but  the  heart  does  nut 
crally  retrain  its  normal  rhythm,  because  althuugb  t lie  inhibitory  stS 
lation    has   piLsstxI  nff,  the  cardiac  muscle  is  now   dii*e*!tlv  atfected, 
its    movements    therefore    remain   S4_inicwliat  slow.      During  the 
vulsions  the  arterial   pressure  ri^es  again,  but  afterwards  tlie  pr< 
give  weakening  of  the  heart  leads  to  a  sh>w  and  imperfect  circuli 
In  the  frog^s  heart,  [>russie  acid  causes  slowing  and  standstill  loi 
fore  the  j>eriplieral  nerves  and  muscles  are  afiected. 

If  very  large  quantities  be  injected  intmvenonsly,  or  inhal' 
heart  may  cease  cnntnicting  for  a  few  seamtls,  and  then  recomnv 
slow  and  feeble  l>enl,  which  is  very  soon  arn:^te<:l  again.  This  is 
ably  due  tt)  primary  action  on  the  inhibitory  centre,  followed  by 
paralysis  of  the  heart. 

Batelli  has  shown  tliat  pnissic  acid  inject4Kl  hypoclermicallv  h 
the  movements  of  the  stomach.  Tlie  temperature  reniains  const, 
rises  somewhat  atk^r  small  di>ses,  but  tails  rapidly  when  toxic  synr 
ajipe;u\ 

Nutrition,  —  Besides  its  specific  action  on  the  central  nervous  b' 
prussic  acid  exercises  a  depressant  action  on  protoplasm  in  general, 
may  therefore  be  e^illed  a  general   pmtoplasm   |K>is<>n^  ahhouglj 
of  the  bacteria  are  but  little  affeetcil   by  it,      Ji<tth  plants  and  ani 
arc  retarded  in  their  movements  and  in  their  nutritive  prcx^esses 
presence,  although  tlicy  may  recover  anil  show  no  subsetjnent  detei 
tion  provided  the  i>oison  acts  only  during  a  short  time  and  in 
cient  tlilution.     For  example,  the  development  of  secnls  is  hi 
by  the  presence  of  prussic  acid,  but  proceeds  when  it  is  withdrtf 
yeast  cells  ocase  their  activity,  and   the  insectivorous  pkuit  Di 
no  longer  moves  its  tentacles  in  the  presence  of  cyanides  or  pmssic, 
(Darwin).     This  action  in  plants  has  been  explained  by  snpj^K>sIng 
prussic  acid  stops  by  its  presence  the  activity  of  the   ferments 
play  so  large  a  part  in  the  economy  of  nature. 

The  effects  of  prussic  aciil  on  the  mammalian  tissues  have  heeE^ 
aminetl  by  Gepfiert  in  a  long  and  careful  research.  He  found  thai 
oxygen  absorbed  by  the  tissues  %vas  mncb  lessened  l>y  prns^src 
whereas  it  was  to  be  exj>ected  that  a  convulsive  poison »  such  a**  tl 
u n tier  d i sc u ssi on ,  wo u I d  ca use  an  i n creas ed  w as te  in  the  t i hs u es  a od  i 
oorresjxinding  rise  in  the  oxygen  used  ;  yet  during  the  most  powerfiJ 
r/>n vulsions  after  prussic  acid,  the  absorption  of  oxvgen  is  oflea  di^ 
tinetly  lower  than  in  the  nornud  resting  animal.  After  some  time  tl^ 
cnnsumption  of  oxygen  agnin  inereases,  although  it  does  not  n^gain  tin* 
nortnal  stantlard  unless  complete  recovery  occurs.  The  curlMnue  aoid 
uetuaUy  formed  by  t!ie  tissues  falls,  owing  to  the  lessened  oxidation, 
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wVich  might  be  due  to  various  causes,  for  example  to  the  blood  being 
I  hm  ctpaihUf  of  abs<>rbi  ng  o x ygen  than  us u a  1 .  ( i  ep pe r t  s h o \V8 ,  U o we ver, 
tlial  this  is  not  the  explanation,  but  that  the  tis>^uesare  unable  to  absorb 
lli^oTviytm  brought  to  them  by  the  IiIcmmI  cells  ;  that,  in  faet,  a  change 
(rriif!*  iQ  the  protoplasm,  wiiieh  retants  the  normal  respiration  of  the 
cell  The  consiMjuenee  of  tliis  is  tliat  the  oxyha^moglobin  of  the  blood 
U  not  reduced  in  the  capillaries,  so  that  the  venous  blood  hasthes4\me 
blight  red  color  as  the  arterial.  Prussic  acid  seems  to  be  nipitlly 
ehfiipd  to  other  pn>duets  in  the  tissues,  however^  provided  a  It^thal 
doK  1ms  not  been  given,  and  as  this  process  giws  on,  the  protoplasm 
rwoms  Its  oxygen-abriorbitig  power,  the  expired  air  beeonies  less  rich 
in  oxygen  and  richer  in  carbonic  acid,  and  the  venous  blood  assumes 
ilioriinary  dark  color.  Lactic  acid  and  sugar  are  found  in  the  blood 
IB  miufually  large  qnautities  during  the  action  of  prussic  acid  ;  these 
trr  invariably  pi'esent  when  the  oxidation  of  the  tissues  is  imjKTfect 
from  any  <*ause. 

Tlie  changes  in  the  central  nervous  system  are  produced  by  smaller 

lOftrttities  and  somewhat  more  nqiidly  tliau  those  in  tlie  metabolism, 

flod  they  also   last  longer.     Tht-  dilatation  of  the  blrM)d   vessels  fiiHii 

Wif  depression  <»f  the  vasoH?oiistrietor  centre  may  probaldy  cooperate 

^th  the  lessened  al»s<»rptiun  of  oxygen  to  produce  tlie  briglit  ml  c<jlor 

^  tlm  wessons  blo<xl,  for  it  stands  to  reason  that  a  more  rapid  circula- 

'*<*ci  Ihrnngh  the  capillaries  must  lessen  the  amount  of  oxygen  given  np 

V  the  bloofl. 

T*lw»  diminution  in  tlie  oxygen  ahsor|>tion  l>v  the  tissues  is  of  interest 
***  rt!lation  to  tberetanlationof  the  ferment  action  in  plants*  for  Jae(|uct 
^•»  Hhfiwn  tliat  the  tissues  oxidize  mainly  by  a  term*  nt  action,  ami  there 
►•  -  sef*m  to  be*  an  entire  cnrrespundence   between   the  elianges 

«i  the  metabolism  of  plants  and  animals  liy  prussic  acid. 

l^nissic  acid  is  ehangcil  to  stdphocyanides  in  the  tissues,  and  is  partly 

Ctsreted  in  the  urine  in  tliis  fnrui,  while  part  of  it  undergoes   further 

^<1  ankoow'u  changes.     This  eoinbiuatiou  of  prussic  acid  and  sulplvur 

SfsSy  s«icl]  as  the  pn»tcids,  seems  t(»  arise  by  simple  ehemiciil  proecss<'S» 

i^tboal  the  intervention  of  living  protoplasm  lieing  nei^fHsary, 

Its  tbr  animal   bidy  prussic  aclil  does  not  form  any  combination 

ith  the  tuemoglobin  o(  the  red  blotvd  crdls^  iMit  in  the  drawn  bhKMl,  on 

other  hand,  it  seems  to  enter  into  a  curious  relatiim  to  it^  as  is 

wn  by  its  n*acti*m  to  j>eroxide  of  liydrog<?n.     If  normal  blood  he 

»a|^i  in  contact  with  a  9*)lutiou  of  the  peroxide,  it  effervesces  uwing 

» the  lilH*nition  t>f  oxygen,  but  iheoxyhiemoglohin  remains  unchanged  ; 

pver,  prussic  acid  Ik*  |>rescnt  no  effervescence  occurs,  but  the 

jtobiu  is  at  once  changed   to  methaHuoglolun.     BIchhI  to  which 

ftromie  acid  lias  been  added   retains  its  red  color  much  longer  than 

^^fdinmry    blood,  which  soon  assumes  a  dark  venous  color  from  the 

VlVCti43«flobin   giving   up   its   oxygen.      Kobert   explains   both  of  these 

taBCtiocis  by  sup|>osing  that  prussic  acid  ilestroys  some  oxidizing  snl>- 

or  ferment  in   the  blcMKh     IIc»p|R*-Sinler  believes  that  a  loose 

eombtnution  is  formed  by  prussic  acid  and  haemoglobin,  but 
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that  tLis  is  very  easily  dt'composed  and    has   the   same  speetnuD 
oxyha?aiogI<ibin.    Preycr,  ud  the  other  hand,  described  a  detiDite 
)x;und  with  a  distinctive  spectrum  and  poissessing  quite  differeul 
actions  to  reducing  and  oxidizing  bmlies^  but  his  work  has  not  fa 
confirmed,  and  it  i^eenvs  hkely  tiiat  he  used  some  decomposition 
nets  instead  of  haBmoglubiii. 

Koljert  discovered  a  curious  eunibi nation  of  pruji^ic  acid  and 
haemoglobin,  which  is  formed  whenever  these  two  come   in  etj 
and  is  distinguished  from  ordinary  melha?mnglobin    by  pf»sM*ssi] 
bright  red  ef>!or.     In  aises  of  cyanide  jioisoning,  the  dependent  partji 
the  body  often  pre.sent  this  color^owing  to  the  methsemoglobin  which  ill 
ordinarily  contain  after  death  being  changed  to  cyan-met hiemogloh 

Preparations* 

Acidum  Hydrocyanicum  DilutTim{U.  S.  P.,  B.  P.),  a  two  per  cent. 
tion  foniietl  IVoiu  potassium  ierrueyanide  or  silver  cyanide.      It  is  »  col 
tluid  with  a  chiimeteristic  smell  and  taste,  ami  ouplit   not  to  be  kept  tw^ 
as  it  h  liaUle  In  ilerompositiou  ;  much  of  that  actually    uj^ed  in  medidiw 
partially  decomposed  and  llierelore  under  two  per  cent,  in  strength.     Da 
0.1-0.5  e.e.  (2-8  mius. ),  ■ 

Ar genii  Cyanidum  \\J.  8.  P/),  is nsed  in  medicine  only  for  the  fomuitioo 
the  dilute  hydrocyanic  aeid. 

A  number  of  other  preparations  contain  pruasic  acid,  generally  hi 
variable  quantity.  Thus  in  the  W  S.  P.  the  preparations  of  bitteralmoiW 
exeept  the  expressed  oil,  eoutain  it,  and  the  volatile  oil  is,  in  fait,  dangeMl 
owing  to  the  lur^e  proportion  of  pni^sie  acid  sometimes  present  Anotl^ 
series  of  preparations  containing  it,  though  only  in  luiDiit^  quanlitiea^ 
that  of  the  Inirk  of  the  wild  cherry,  Prunus  Virgioiana.  In  the  firiti 
Pliarmaeo|Meiu  the  bitter  almond,  VirjCfinian  cherry  and  the  ehom'-lai 
water  contain  it,  but  only  in  harmless  quantities.  It  is  also  present  ia 
tincture  of  chloroform  and  morphine,  B.  P. 

Therapeutic  Uses.— The  uses  of  prnssie  aeid  at  the  present  da/ 

very  few.      Externally  it  is  applied  to  itching  surfaces  to  cause 
iug  and  ioseusibiiily  of  the  seiii^>ry  nerve  terniiuations,  but  care 
be  taken  that  tlie  tturfaee  is  utibmken,  or  uti pleasant  and  even  ti 
Qus  sym^^loms  may  be  induced.     It  is  also  used  iiUernally  in  vol 
e.spt*cially  iu  that  occurring  in  pregnancy,  and  seems  to'  he  beL 
occasionally.     It  was  formerly  osetl  extensively  as  a  siKlative  in  eout  . 
but  Wiis  generally  preseribeil  along  with  opium  or  other  narcotics,  and 
it  seems  unlikely  that  the  hydrocyanic  acid  liad  any  effect. 

In  PoisOEmg  with  priissic  acid  or  the  cyanides,  the  treatment  is  thii' 
of  pois^ndng  in  general  ^thorough  evacuation  of  tlie  btnmach,  wannlli 
and  general  measures  against  collapse.     A  number  of  so-e^alht!  anti- 
dotes  Jiave  been  projiosed,  such  as  atropine,  which  there  is  no  rcu.^ 
to  suppose  would  be  of  benefit,  tor  it  has  l>een  found  useless  in  aaimil 
experiments.    The  intnivenous  injection  of  sodium  sulphide  and  hvp 
sulphite   has  been  advised  on  the  theory  that  the  compamtivciv  harm- 
less siilld^wyantde  would    be   formed/and   animals  ^vm  to  'lie  able 
to  survive  an  otherwi.se  letlial  d*>se  wlicn  this  is  done.      Peroxide  of 
hydrogen  has  also  been  suggested,  in  order  to  form  innocuous  oxidation 
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ts  With  the  priissic  acid.  Artificial  respiration  Rhouhl  he 
to  when  neoe.ssary,  as  the  cyauide  is  comparatively  quickly 
inactive,  and  the  recovery  is  rapid  whcD  it  once  sets  in.  But 
cases  life  id  extinct  before  medical  aid  can  be  called. 
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,  a  DumlK^r  of  plants  used  in  different  parts  of , the  worl<l  to  form 
ami  condiments,  tlicre  are  found   the  xanthine  compounds, 
ihtt,    nteof/rominc  and   Thfojthifiiine^  tlie  iir?^t  two  of  wliich   have 
eniph»vp«l  in  therapeuttc^s  of  Lite  years,  and  Iiave,  tliercforc,  ac- 
;  a  double  importance  as  drugs  anil  as  articles  of  diet.     The  wide- 
use  of  preparations  of  ihesc  l>y  uncivilized  i.>eople8  is  a  curious 
'  unexplained  fact,  esjiecially  as  they  possess  neither  peculiar  taste 
^odor  to  guide  in  the  selection  of  the  plants  in  which  they  exist. 
ides,  caffeine  and  its  allies  iu  moderate  fjuan titles  induce  oo  marked 
ptomsj  such  as  follow  the  use  of  alcoliol,  opium  or  hashish  and 
in  their  use  among  widely  separated  peoples.     On  the  contrary, 
i  only  €frtH?ts  to  lie  observcil  are  a  brightening  of  the  intellectual 
nlties  and  an  increased  capacity  for  mental   and   pliysical    work, 
e,  the  use  of  which  is  derived  from  the  Arabians^  is  the  berry  of 
lea  Arabiea  and  contains  caffeine  ;  tea,  the  leaves  of  Thea  Chinensis, 
ftim  eafleiue  aUmg  with  Uu-ophyiline.*     Cacao,  cocoa  or  cliocolate 
rd<?rivrd  from  the  seeds  of  Therthroma  cacao,  a  tree  indigenous  in 
il  and  Central  America,  and   contains  theobromine.      In  cenfr.d 
the  CoUi  or  Kola  nut  (Sterculia  acuminata)  is  used  by  the  na- 
trnd    contains   ca  if  cine   with   small    quantities  of  theobromine. 
Jiniue, «>r cohmiue,  which  was  atone  time  supposed  to  be  a  new  body, 
a*  to  be  a  comjKDund  of  tannic  acid  with  these*  xanthine  derivatives. 
iBrnzib  Ouarana  paste  is  formed  from  the  seeds  of  Fanllinia  sorbilis, 
ccmUiins  caffeine  and   tlieobmmine,  while  iu  the  Argentine  Re- 
Wic,  Yerba  Mate  or  Paraguay  te^i  (Ilex  Paraguaycnsis)  is  used  to 
a  beverage  which  contains  a  vc'ry  snnill    (|Uantity  of   catreine. 

*Tm  Win  formerly  auppoaed  to  coatnin  tliejocp  but  tJii§  has  proved  to  be  idenUcul 
it's  faf!pif>f> 
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Another  sp^MLics  of  Ilex  h  met  with  in  VirgiDia  and  Camlina 
the  name  of  A|Mlaehe  tea  or  Youpon,  and  also  (X)ntait]s  cafil'ine. 

These  thrc?e  principles,  caffeine,  theohrornine  ancl  the*»i 
piiriue  derivatives  clot^ely  relate<l  to  the  xanthine  btxiie,*  i 
urine  and  tissues  of  the  animals.     The  members  most  closely  app 
ing  the  vegetable  forms  are  xanthine,  panixanthine  and  heteroxanti 
the  last  IB  a  nionomethylxanthine,  while  paraxanthine  is  a  dime 
xanthine  isimierie  with  theobromine  and  theophylline,  and  caffeifl 
tri  methyl  xanthine.    The  structural  formulfe  may  serve  to  indicate  i 
clearly  the  close  relationship  of  these  bodies. 


Xftnlhlue. 


Tb«obruniine. 


HN— <3U 


CO    C— XCU,' 


yen 


A 


KH— CX» 


Tbeoptjlltoc. 


Cftfleii]«. 


CIIaN— IT) 


NCH^ 


4 


ActiDE.  —  These  all  resemble  each  other  in  most  points  of 
pharmacological  aetirKu,  a!th*nigh  caifeine  acts  on  the  central  ner 
system  as  well  as  on  the  kidneys,  muscle  and  heart,  while  the  o1 
have  comparatively  little  efltnt  except  oo  the  lai^t  three.  None 
them  are  by  any  means  pf»werl"ul  p< bisons,  and  fatal  intoxication 
ni>t  been  Ml)served  in  niiui  from  tlieir  nse,  alt  hough  very  large  ijtuinti— 
ties  of  cjiJIeine  have  repeatedly  caused  disagreeable  and  even  alarmlfip 
sympti>ms. 

Central  Nervous  System*— In  mammals  the  injection  of  large  quan^ 
tities  of  caffeine  is  followed  by  symptoms  closely  resembling  thc*?e  in- 
duced by  strychnine.  The  refit*x  irritability  is  remarkably  increaMJ^ 
the  lightest  touch  being  followed  by  powerful  contradion  ofalrao^iall 
the  n>iiscles  of  the  body*  After  a  time  these  contractions  tK-cur  with- 
out any  apjmrent  stimulus^  and  culminate  in  tonic  convuisions  wbicH 
last  fc^r  several  semnds*  During  these  the  respiration  ceases  from  tb^ 
respiratory  muscles  iK'ing  involviK^I  in  the  spa^m  and  oceasionaHy  i^ 
fails  to  be  reinstated  when  the  convulsions  pass  off.  In  other  instanced 
the  spasms  l>ecome  weaker  and  occur  at  longer  intervals  ;  the  respiia-^ 
tiou  diminishes  in  fretpiency  atjd  tlepth  antl  eventually  ceases. 

In  man,  smaller  quantities  of  caffeine  stimulate  the  r-entral  nerx^o*^ 
system,  in  particular  tliat  part  ass+x^iated  with  the  psychical  functi(»ni^- 
The  ideus  l>eeome  clearer,  thought  flows  more  easily  and  rapidly,  aii« 
fatigue  and  drowsiness  disapjjear.  Not  infreciuently,  however,  wm--' 
nected  thought  is  rendered  more  difficult,  for  impressions  follow  encM^ 
other  so  rapidly  thai  the  atteiiliou  is  distracted,  and  it  requin^  mof^ 
and  more  effort  to  limit  it  to  a  single  object.  If  the  quantity  ingcste<' 
is  small,  however,  the  results  are  of  distinct  benetit  in  intcllectuul  worl«^- 
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IcfipiK^iiy  for  physical  exertion  is  al^o  augmented,  us  ha.s  been  dctn- 
aie<l  rcpeate*lly  by  stildiers  oq  the  rnurcli,  and  more  reeeiitly  l>y 
Dre  exjU-'l  exj>erimenta  with  the  ergograph.     The  stirnidatioii  of  tlie 
ber  nervous  ctnitres  is  often  evideneetl  by  the  insomnia  and  re^tless- 
vhieh  in  many  people  follow  indulgence  iu  coffee  or  tea  late  at 
Kraepelin  has  investigate<l  the  etfects  of  caffeine  from  tlie  pj^y- 
[>irtcal  [»OLnt  of  vieWi  and  tinds  that   b<itl^  tea  and  cuftee  facilitate 
jitk»D  nf  ^*ns<:»ry  inipressiinis^  and  also  tlie  a-^sociation  of  iileas, 
\y  in  fatigtie,  while  the  transformation  of  intellectual  eoneei)- 
.10  actual   movements  h  retarded*     Thi,^  he  regaixls  as  dne  to 
Tion  of  the  liighe?3t  or  eonti'ollin^  fnnctions  trf  the  hra in,  caffeine 
.11  the  same  part.s  an  are  lir^t  LtlTeeted  by  alcohol  and  the  methane 
IV  cs-,  hut  altering  them  in  the  opposite  direct  ion.     Tlie  elfects 
lie  on  the  aciiteuess  of  the  senses  has  been  demonstrated  by  the 
accuracy  of  touch  under  its  influence, 
iriere  qiuiotitie^  of  caffeine  fiften  eiuise  headache  anil  .some  confu* 
und  in  rare  cases  of  special  susceptibility  a  mild  Ibrm  <jt*  delirium 
Ijc  elicited,  or  noises  in  the  ears  and  Hashes  of  light  may  indicate 
ngeraent  of  the  special  senst.^.     The  pulse  is  quickened,  and  00- 
Dually  palpitation  and  nneasijjess  in  the  region  of  tlie  heart  are 
iipkincd  of.      Convulsive  movements  of  the  muscles  of  the  hand 
irt^ni'jr  in  different  parts  of  the  body  have  also  been  recorded  in 
csLSiS.     These  effects  are  induced  only  with  dilficulty  in  liabituid 
ker*  of  tea  or  coffee,  so  that  the  continued  adrninistratiun  of  small 
niitii'^  of  caffeine  evidently  gives  rise  to  tolerance. 
>  symptoms  induced  by  caffeine  in  the  lower  mammals  are  due 
:  most  part  to  its  acting  on  the  spinal  cord  in  the  same  wiiy  as 
hnine^  though  small  doses  may  act  on  the  brain,  for  they  often 
stlessness  and  timidity  without  any  marked  change  in  the  reflex 
ility.     The  centres  in  the   medulla  oblongata  are  also  involved 
Teffeets,  as  is  indicated  by  a  rise  in  the  blood-pressure  from  stim- 
uif  the  vaso-motor  centre,  acceleration  of  the  breathing,  and  oc- 
Bionally  some  slowness  of  the  pulse  from  action  on  the  respiratory 
1  pneamogastric  centres. 

Pwigsshuw  no  nervous  symptoms  that  cannot  be  ascriljed  to  action 
I  ttif*  spinal  cord,  and  in  some  species  these  arc  chi-ited  with  con- 
tTjAAit  difficulty  owing  to  the  mnscular  activm  descrilied  below. 
On  wmiparing  the  effects  of  caffeine  and  strychnine  on  the  central 
-tern  it  will  be  found  that  while  there  is  a  general  similarity 
rion,  the  latter  causes  more  marked  stitnidation  of  the  lower 
limiuas  and  has  less  action  on  the  cerebrnm  iti  mammals  and  man. 
while  they  I  JO  th  pr»>diice  a  general  increase  in   the  activity  of  nerve 
Jflls,  caffeine  act^  more  on  the  psychical,  strychnine  more  on  the  vital 
ami  rf'fie?c  functions, 

Ther>bnimine  and  the  monotnethylxanthines  have  much  less  effect  on 
iWicof^ntnil  nervous  system  ;  in  fact,  it  is  doubtful  whetlier  any  stinm- 
atKin  whatever  occurs  after  their  use,  and  xanthine  seems  to  be  fol- 
jiowtd  by  a  rapid  loss  of  reflex  irritability  iu  the  frog. 
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The  Muscular  action  of  caffeine  m  best  seen  in  the  Rana  temp 
(grass  frog),  ultlioii^li  it  is  aUo  indueed  in  other  species  of  fn 
some  rigidity  may  be  elicited  in  nuimmak  by  very  large  dr>8es. 
a  few  drops  of  eafteine  are  injfcte<J  into  the  leg  of  a  frog  there  foi 
a  peculiar  stiifness  and  harduess  in  the  muscles  around  the  points 
jeetion,  wliieh  slowly  .spreads  to  oilier  parts  of  the  body  and  ind 
the   apiH-amnee  of  rigor   mortis.     The   same  effect   is  observed 
teased  mii.sele  fibres  are  subjecteil  to  a  catieine  solution   under  a 
power  mieroscHipe.     The  fibres  con  tract,  bcconie  white  and  opaque 
look  sttf!*and  intlexible;  the  transverse  strife  disappear,  while  tbel 
gilndinal  be<^onie  more  easily  visible.      (Fig.  21.)     This  appeamn 

due  to   the   death  and 


Fk;.  2L 


mortis  of  the  fibres.     Th 
is  a  true  rigor  is  shoifl 


normal ;  B,  after  tliu  mni^hrntjon  of  LfllTiMfK*  Hnliuioa. 
course  striiij  io  11  are  (lat  f^ids  of  i  lie  sareulfiiimii. 


A, 
The 


the  fact  that  the  fer 
profhieing  ordinary  eoag 
tion  of  the  myosino 
found  increased  after  tlifl 
tinn  of  ciitfcine,  Furth t 
that  the  myogen  of  rau 
tVtrtne*!  into  niyni: 
roajj^ulated  by  tin 
caffeine  to  its  solutions  j 
side  tlie  body,  so  that' 
rigor  induced  by  caffcinr 
seems  dne  to  a  eoni  para  lively 
giniple  reaction  between  the  poison  and  the  proteids  of  tlir-  [niisele 
fibre.  fl 

In  small  fpian titles  caffeine  increases  the  irritability  ol   mu^rie" 
well  as  its  absolute  strengfh  and  extensibility,  that  is,  the  muscle  coR- 
tracts  on  a  weaker  stimulus  and  against  a  greater  load  than  it  doeslM>f- 
mally.     Tlic  amount  of  work  d(»ne  before  fatigue  sets  in  Is  als*)  in- 
creased, unless  wljen  large  rpmntities  are  applied,  when  the  capacity 
for  work  is  lessened  ;  and  with  the  first  ap[>earanee  of  rigor  it  ceases  to 
react  to  stimuli   altogether.     It  is  freipicutly  stated  tliat  caffeine  iios- 
sesses  no  actiou  on  the  mammalian  inusel(%  but  this  error  is  due  to  the 
fact  that  much  larger  quantities  are  required   to   induce  rigor  thiiD  ta 
paralyze  the  respiration.     If  attificial  respiration  be  maintained,  stiff- 
ness and  hardness  of  the  muscles  may  be  elieited,  although  compk't^ 
rigor  can   Iw  jiroduced  only   by  injecting  e^iffeine   solution    into  ibe 
arteries,  as  otiierwise   the  lieart  ceases  before  the   muscles  are  ceio- 
pletcly  contracted.     Sobieranski   has  recently  shown   that  in  ordinal^ 
doses  caffeine  increases  the  work  done  by  the  himian  muscles  when 
they  are  stimulated  by  electric  slioeks-     The  nniverstilly  n*cogni»"d 
effect  of  tea  and  coffee  in  inereasing  the  capahilitv  for  physical  worb 
and  in  relieving  fatigue  has  generally  been  reganled  as  due  to  chaag^ 
in  t  lie  1 1  e  r  ve  ce  Us,  but  acc<  ^  rd  i  n  g  t  o  K  ra  e  pel  in  and  o  t  hers  i  s  real  Iv  of 
periphonil  origin  and  explained  liy  lUe  dvre^it  action  on  the  nui^l^ 
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While  the  action  of  theobromine  oix  tlie  rent  ml   nervous  system  is 
wuch  less  mark<*<:l   than  that  of  caffoinej  moscle  enters  into  rigc^r  after 
I lh«*  former  more  rt^dily  and  xanthine  exceeds  even  theobromine  in  its 
powtt  to  produce  this  change. 

The  action  of  c^iffeineon  the  Circulation  is  exerted  in  two  directions, 
'  Onthi*  vu^-wi-motnr  *:^ntre  in  tlie  moihjllii  and  m\  tlie  heart  itself,  Al<mg 
I  fritlulie  rest  of  the  central  nervous  system,  the  vaso- motor  area  nn- 
JA^fgots  stimulation  and  the  smaHer  arteries  are  therefore  contracted, 
Itt^tein^f  a  marke<l  rise  in  the  arterial  pressure. 

LIIm?  frog-'s  heart  caffeine  in  very  small  quantities  is  fiiund  to  in- 
the  aljsiolulc   strength,   that    is,   tlie   tieart  contracts  against  a 
?^5Mier  aortic  pressure  than  it  would  normally^  and  at  the  same  time 
acnount  of  blood  expelled  by  each  beiit  is  slightly  increasiKl.     Tlie 
thm  i.^  generally  somewhat  accelerated  by  t^mall  doses,  but  this  ef- 

Fio.  22. 


The  tmly  alt«'ru 
h  la  movtintifcjil. 


The  lever  iii<»Te>  apir«tda 
hy  GftfTeftie  U  accelprmiluti. 
r.iciugsi  uoiler  dlgitaJis.) 


Pi  is  oftrti  of  very  short  duration.  On  the  absi>rpti**n  of  larger 
iitilie!!}  the  heart  tirst  betHuncs  slower  and  its  vnlunie  smaller, 
a|H^x  ceases  to  relax  with  the  rest  of  the  ventricle  and 
rhite  and  i^ontnictcnl,  and  eventually  the  whole  heart  |)asses 
|lo  m  ecmditton  of  rigor  exactly  re^*mbling  that  seen  in  the  skeletal 

Wfaen  nicMlemte  qtuintities  of  caffeine  are  injected  intravenously  in 
imalii,  the  heart  is  accelenited,  without  any  marked  change  in  the 
itcnt  of  tyslole  or  diastole.  The  increased  nrte  is  indepi-ndent  of  any 
I  on  tfie  regulat4->r}'  mechanism  of  the  heart,  for  it  is  seen  in  hearts 
wllieh  the  a<*celerana  has  bc^n  cut  and  the  inhibitory  apparatus 
hfmA  by  atropine.  It  is  probably  due  to  direct  action  on  the 
ift  mttdcle  for,  as  has  been  stated,  bu  analogous  inereiise  in  irrita* 
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bilUy  occurs  in  voluntary  nmst'le.     The  increaj*e<l  irritability  of 
cardiac  fibres  also  aecouuts  ibr  the  fact  that  stimulation  of  the 
is  fulloweil  by  less  slowiiii^  of  the  heart  after  caffeine  thao   b*-for 
administration.      In  man  the  heart  rhythm  is  often   found  i*lo\ver  j 
caffeine,  and  this  appars  to  lie  due  to  stimulatiiin  of  the  inhil: 
centre  in  the  metlnlla  oblongata,  the  increased  inhibition  proving  i 
tlian  sufficient  to  connterbalunee  the  accukTation  which  would  ari^  J 
the  direct   action   of  the  C44ffcine  on   the  heart  mnscle.      After 
quantities  of  caffeine  tlie  heart  heoMues  weak  an<l  irregular  and 
death  it  18  ftiund  in  diastole.      The   increased  rate  of  tlie  heart   b( 
not  always  accompanied  by  an  increase  in  the  amount  of  blood  ex 
in  a  unit  of  time  (Bock),  although  this  is  often  the  case.      Appai 
tlie  contractions  of  tlie  ventricle  follow  e^ich  other  so  rapidly  that! 
time  is  often  insnffieieDt  for  the  inflow  of  the  usual  amount  of  \A{ 
The   increase   in   the  blooii-pressuiY>  under  caffeine  is  therefore 
ascribed  for  the  must  part  to  the  action  on  the  vaso-motor  centrei* 
though  n«>t  infrequently  this  is  supplemented  by  an  iucreas*'d  etiiei< 
of  the  heart.    Theobromine  and  xanthine  jwssessing  but  little  acti« 
the  vasti-motor  ci^otre,  scarcely  raise  the  bh>od- pressure  although 
have  ttie  same  effix't  on  the  heart  as  caffeine. 

The  Respiration  is  ipiickened  and  strengthened  by  caffeine,  owii 

a  stimulant  action  on  the  medullary  centre.     This  effect  on  the  n',sL  

tion  is  seen  in  the  improvement  of  the  respiration  in  cases  of  dano:ernflS 
poisoning  with  alcohol,  opium  and  other  drugs  whicli  prove  fatal  by 
failure  of  the  n^spiration,  but  is  much  k\ss  marked  in  normal  animals. 
The  Temperature  has  been  found  tti  l>c  raised  by  catfeine  through  its 
ai*ti*»n  on  the  nervous  centres  and  iRThaps  on  the  muscles.  Tiie  in- 
crease is,  however,  comparatively  insignificant  (tj.5-l*^  i.\)  and  i»  st^eo 
otdy  in  cases  in  which  an  almost  |ioisonous  dose  has  been  used. 

Kidney.  — The  mmi  important  property  of  caffeine  from  a  tliem- 
pcutic  iKjint  of  view  is  its  j}^)wcr  of  increasing  the  secret  if  m  of  urioe. 
It  is  an  everyday  ex|K*rienee  that  strong  coffee  or  tea  increases  th^ 
urine  to  a  much  greater  extent  tfian  the  eame  amount  of  water,  and 
this   has   been  sliown   to   be  due   to  the  caffeine  containe<i   iu  thesic 
beverages.     It  was  formerly  supposed  that  caffeine  increased  the  urin^ 
in  the  same  way  as  digitahs,  by  its  acti<in  on  the  circulation,  but  v>)0 
Sehroetler  lias  shown  that  even  when  tlie  changes  in  the  circulation  are 
prevented  from  occurring,  the  same  increased  flow  of  uriDc  sets  i»* 
Caffeine  acts  directly  on  the  renal  epithelium,  therefore,  and  causes 
an  increase  in  the  activity  which  manifests  itself  by  a  more  rapid  sn're^ 
tion  of  urine.      Not  infrequently,  however^  the  administration  of  ca^ 
feine  produces  no  diui^esis  whatever,  in  fact  less  orine  may  be  secrpteiJ 
afterwards  than  before,  bcx^tise  besides  acting  on  the  kidney,  itab^* 
acts  on  the  vaso-motor  centre,  and  if  ll>e  conswpient  contraeliim  <if  th^ 
arterioles  is  great  enough,  much  less  bliMKl  |>asses  through  the  kidiierSf 
and  the  epitlielial  cells,  receiving  but  little  fluid,  «in  excrete  but  litll<?i 
however  active   they   may   he.     The   stimnlalion    of  the   vaso-motnT 
centre  may  thus  entirely  prevent  any  effects  from  the  stimulation  uf  th^ 
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Fig.  2.1. 


U   cells,  and   iu   *>nlfr  to  prtxliice  a  siitisfactory  iliuresiH  mtiasm'es 

lie   taken    to   prevout  the  nL'lion  uu  iUm  ct  iitral   iiltvhjus  systt^m. 

may  be  done  by  pivseribini^  along  whli  eatfeiue  sunie  (irug  wliieli 

the  irritability  uf  tlie  rjicdiiUury 

€*  fjf,,  chloral,  hut  a  much  more 

ofietory    method  is    to  employ   the- 

[imitie   instead  «if   mffeiue.     As    has 

mentioned    already,    theobromine 

little   or    nt)    efteet   ou    tlie    centre, 

bile  its  fiction  on  (be  renal  epithelium 

at  legist  a-?  great  as  that  of  caffeine  ; 

pore  by  its  use  the  full  efieet  \^  got  on 

renal  oelU  without  the  c<:mstriction 

fllir  vessels. 

Allien    r^itteine  produces    diuresis,   it 

!*■  dilatation  of'the  renal  vesselsy 

-  merely  the  accompaniment  of 

bcreased  activity  of  the  renal  cells 

lis  analogous  tu  the  dilatation  of  the 

^r^iAs  in  a  musele  which  is  undergo  hi  g 

leoutractiou. 

In  die  caffeine  diuresis,  the  fluid  part 
the  urine  is  increastHl  eliiefly,  but 
Itbe  siJiA*  aliKi  undergo  an  augmentation, 
Ithough  not  to  the  same  extent.  Among 
^  the  aolids  the  chief  increase  is  seen  in 
libe  scnlium  chloride,  the  nitrogenous 
Imnfitttuentd  undergoing  less  alteration 
ft! though  they  also  rise  in  amount  ;  a 
limull  amount  of  sugar  is  often  found 
j  in  the  urine,  more  especially  if  the  ftwd 
has  crjntained  large  (juantities  of  sugar- 
t>miing  substances,  l»ut  this  glycosuria 
I  i^pfuhuhly  due  merely  to  the  hirge  fpian*     -a  i/  l 

titW  of  Huid  sweeping  Stmie  *)f  the  sugar         Calfclne   diure*i»   in    n  rabbit    Th«j 

*.  1  •!       •  11  ftmouDt  of  urine  pa*seil  iii  fen  mmiHe« 

Of  the    hliKMl     alcmff     with     it,     and     noes  l-*  R-hre4*«uteil  by  ihe  ln-inUt  of  Iheret; 

^  .  .    i.  ,-  I  .  »  tsiitjfUrK,    Tbf  tirMt  of  tttcHO,  .-l-Zf,  rvpr«- 

wl  iQcncate  any  dangerous  aUemtuvn  in    MMitihPiinnmi!  firtwtbm.  At/7a'«iuiiii 

|L,,  _       1  ♦*!'    I-  •       a\  .1  dtMf,  iind  at  f'n  largo  do*(?  of  calfeine 

*l>e  renal  epithelium   or  m   the   metab-     w,i*  i.ij«toi  intrnwumiaiy,  and  tbo 

JrL|»  I  sfcrclifiu  is  actf»tdi»|jE[j'  iuct^bm^X.    Tbu 

"•  shailvd  [»art  of  lb**  neotADglcffl  ropn?9ionl4! 

The  excretion  of  large  qimntities  of     •:^, r:;:;;LV;LVZ'ol.Vit;iS!^ ..«[ 

"«Hi  m    the    urine   is,    of   course,   aecom-      norm  Un- sam«  extent  a.H  tluHuid.    The 
,   ,  n.      .  •  /»      I        rt     '  1         rt       d*^itrp*1     line     rr^preseutfl    tbe    aTcnifte 

F»M  by  a  diminution  of  tlie  fluids  of     "  

|nt  blood ,  h u t  the  latter  soo n  re c u j m ' ra t es 
i^^lf  fmm  the  tissues.  If  tliere  is  any 
f^univilation  of  liquid,  such  as  o?dema.  It 
^  drained  into  the  blood  to  ix*place  the 

,   Ri<^hle»'«  view  ihat  caffeine  induces  g!yrf»»uria  tlirmigJi  aUeniitrtbe  ^^ycogenic  fnnc- 
^**»«f  the  liver,  wcxLrc^hupjmam  adinlasibie  (Ztsehr,  L  klin.  Med,,  XXXV.^  y.  46*iV 


U--, 


lU't+^lil  uf  ihu  bJiHld-prpsniiire  during  f^acb 
I>friod  fjf  ten  iiuujuU*!i.  Tbe  niilcual  bad 
rcci'ivtwi  a  iaTK'P  dose  of  ebloral  lo  do 

iiri^ss  the  vau*c»-iiifjtor  ttentre  and  the 
K-arl,  and  calfefne  had,  Ihfrefnre,  Ultte 
or  no  t'ffect  on  lb«  heigbt  of  the  bluod- 
prosanrts. 
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bility  occurs  id  voIiiiit<ary  nrnscle.     The  increasedi. 

cardiac  tilings  also  itccoiiiit?*  tor  the  tact  that  stitiiul 

IS  foUowcd  by  less  shewing  of  the  licart  al'tcr  cati\ 

idniinistration.     In  man  the  heart  rhythm  b  ofter*. 

catfcine,  and  this  appears  to  be  diie  to  stimuhitio 

W'nti-c  in  the  niediilhi  obhint^ata,  the  increased  iohit— ^~— — j 

than  su fficient  to  coy nterbalauee  tht?  acceleration  wl  i »-       -^^ 

the  dlrt^*t   action   of  the  caffeine  on   the  heart  nx    ^^      ^ 

quantitic.*^  of  c^itfeinc  ttic  heart  become!*  weak  and 

deatli   it  h  fimnci  in  diastole.     The  increased  rate 

not  always  accompanied  by  an  increase  in  the  amoix  ^     ^ 

in  a  anit  of  time  (liock),  although  this  is  often  th<3 

the  contractions  €>f  the  ventricle  follow  each  other        -^ 

time  is  often  insufficient  for  the  inflow  of  the  usus*    ^-^ 

The   increase   in   the  blooci-pressure  under  caffeinc^^  '^^^^    m^^^^       ^ 

ascribLHi  for  tlic   most   part  to  the  action  on  the  vai=5-^  •"      '^        —   *=^      ^ 

thoujij^h  not  infrequently  this  is  supplemented  by  an 

of  the  heart.    Theobmmine  and  xanthine  possessing" 

tlie  vaso-raotor  centre,  scarcely  raise  the  bhKKl-pre?siE?' 

have  tlic  same  effect  on  the  heart  as  C4iffeinc. 

Tlie  Respiratioa  is  t|uiekened  and  strengthened  by  

a  stiraulant  action  on  the  rne^lullary  centre.    This  eflfe  "^^^.^rr^        ^^ 

tion  is  seen  in  the  iin|>n>vement  of  the  respiratiou  in  <:^^'*^^^^  '^^  ^ 

poisonintj;  with  ah"oliu!,  o|)i*im  ami  other  drug;H  whi<^ 

failure  of  the  respiration,  liut  is  mueli  less  marked  in 
The  Temperature  has  been  found  to  be  raii^cil  by  mt 

action  on  the  nervous  centres  and  perhaf>8  on  the  mt 

crease  is,  howcverj  comparatively  insi^uilit'ant  (0.5—1 

only  in  eases  in  which  an  alm<jst  poisonous  dose  has  bt:^ 
Kidney,  —  The  most  important  |)ryperty  of  raffeinc? 

j>entic  point  of  view  is  its  power  of  inercasiu}^  the  seclT* 
It  is  an  everyday  exjiericiice  that  strong  e^iffee  or  iel^ 

urine  to  a  much  greater  extent  than  the  same  amount    ^- 

this   has    been  sljown   to   be  due    to  the  caffeine  contaT^^ 

beverages.     It  was  formerly  su(>[HKsed  that  cafreine  increa^^^ 

io  the  same  wav  as  dimtahs,  by  its  aciion  on  the  eireulaf/^^ 

SchrotHler  has  shown  that  even  whiMi  the  ehunges  in  the  circ^^^*^ 

prevented   i'rom  occurring,  the  same  increased   flow  of  \\r\f7^- 
I       Caffeine  acts  tlireetly  on   t!ie  renal  epitheiium,  there tVne,  \iV  ^^ 
^B  an  increase  in  the  activity  whicli  manifests  itself  by  a  mon}  rap/V-^ 
^"  tion  of  urine.     Not  infrecpiently,  however,  the  adminlstnition    r:^^ 
I         feine  prothices  o<i  diuresis  wliatever,  in  flict  less  urine  mav  lio  x^^^^i 
I         afterwards  tliaii   before,  Ix'cause  besides  acting  on  the  kidiicv  ;^  ** 


acts  on  the  vtiso-motor  centre,  and  if  the  consequent  contnietiun  </  1^^^^^^ 
arterioles  is  great  enough,  much  lesa  blood  passes  through  the  kid  ^^ ^ 

and  the  epithelial  cells,  receiving  but  little  fluid,  can  excrete  but  V  ■'*> 


however   active   they   may   be.     The   stimulation    of  the   vas^i^t^"'^^^! 
centre  may  thus  entirely  prevent  any  effects  from  the  stimulation  \]r^^ 
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us  prepnraiions  of  Kola  nut  are  now  put  on  the  markei,  but  the 
princix>le$  are  preferable. 

itic  Uses. — The  action  of  caffijine  on  tlit;  central  nervous 
has  led  to  its  employment  in  a  miinber  of  ditfereiit  ermditiooK. 
in  nervous  exhaustion  it  may  be  used  to  .stimulate  the  Ijrain,  an  J 
,p©e  itss  action  on  the  yiisorniol<ir  a  n  Jres  pi  rator  v  centres  has  Ijeeu 
of  val ge— -  t b » ^  b  1 1 >o(l - p ros.s u re  rises,  the  whole  tone  ot  the  eircn- 
U  improved  and  the  res j7i r ai i o n  beeo raes  quicker  and  less  shaUow. 
tie  poisoning  with  failiug  respiration^  caffeine  may  be  used  to 
mUte  tiie  centre  in  place  of  strychnine  or  atropine;  in  opium 
ning  more  particularly,  strong  eotil'c  has  long  been  used,  but 
^ine  might  be  substituted  with  advantage.  Its  stimulant  action  on 
bmia,  and  more  especially  on  the  respiratLOUj  renders  it  an  antidote 
,ngcn3us  cases  of  alcolujlic  poisoning  also.  Some  forms  of  migraine 
he^ache  are  relieved  hy  t^iffeiue,  but  in  others  it  seems  rather  to 
fy  the  pain.  Kola  preparations  are  oftc^n  advised  as  general 
in  weakn«^%  and  neumsthenia. 
ffeiae  has  been  used  largely  ibr  its  action  on  the  heart  and  is  often 
to  be  a  substitute  for  digitalis,  though  its  a  matter  of  fact,  it  can- 
*M  replace  tiie  latter,  the  action  of  the  two  on  the  heart  being  entirely 
^'^-i-iilar.  In  cases  of  heart  weakness  without  marked  dilatation  and 
l^»^tency  of  the  valves,  it  may  be  of  service  as  it  increases  the 
actjvuv  of  the  ventricle,  but  its  reputation  in  eases  of  cardiac  disease 
»  te  mainly  to  the  reuiox^al  of  dropsy  through  its  diuretic  action. 
Tbrconiractiou  of  the  arterioles  following  the  use  of  caffeine  may  also 
W  of  service  in  feeble  action  of  the  heart. 
In  their  action  on  the  kidney  the  members  of  tbe  caffeine  series 
preeminent,  no  other  drug  producing  such  a  copious  flow  (»f  urine 
eitiier  caffeine  or  the^lbrominc.  As  has  been  explainetl  already,  the 
latter  is  to  be  preferred  to  caffeine  as  a  diuretic,  and  may  be  used  in 
*ll  cases  !n  which  there  is  a  i>athoIogicaI  accumulation  of  fluid  in  the 
Wy,  whether  of  cardiac,  hepatic  or  renal  origin.  The  results  are 
•nosi  brilliant,  however,  in  cases  of  cardiac  dropsy,  and  here  it  may 
«  pfescribed  along  with  one  of  tbe  digitiilis  series.  It  must  be  eni- 
wd,  however,  that  in  these  cases  it  cannot  supplant  digitalis,  but 
tplr  aids  in  the  removal  of  the  fluid  which  is  obstructing  the  circn- 
itiou  t>y  its  pressure,  while  digitalis  reli^'ves  the  dilatation  of  the  lieart. 
of  hepatic  dropsy,  cjiffeine  and  tbenbromine  have  also  pmved 
iiv,  although  here  the  treatment  can  only  be  cousidered  palliative, 
la  renal  dropsy  theobromine  has  been  used  with  somewhat  variable 
•^m;  it  dc>es  not  seem  to  increase  the  albumin  in  the  urine,  but 
i"H  infrequently  little  or  no  diuresis  follows  its  administration.  This 
i"  only  t<i  be  expected  where  the  renal  c^lls  arc  in  such  a  condition  as 
^w  incapable  of  stimulation.  Wbere  the  disease  is  less  developt^d 
^^  nufmber8  of  this  series  produce  the  usual  increase  in  the  se- 
cretion. 

Itiflanimatory  effusions  do  not  seem  to  be  lessened  to  any  marked 

««tetit  by  either  caffeine  or  theobromine. 
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I  fi<>M  of  the  other  voUitilo  oils,  and,  in  fact,  these  are  often  adiled  to 

^ffee  in  the  fonn  of  brandy  and  other  liqueurs.     Apart  from  this  local 

mIuu  the  v*oUitile  jwirtis  of  teii  and  coffee  (theonjCoffeon)  seem  to  have 

t»  effeet  whatever  on  the  economy.      In  experimt^nts  on  the  activity 

of  Uvc  (ligei^^ti  ve   ferments  on t^idp  the  Ixidy,  it  is  found  that  caffeine 

iivnrwttes  *iUghtly  the  rapidity  of  the  process,  Init  that  coffee  and  tea 

y^ftanl  it  considerably.     On  the  other  band,  coffee,  probably  owing^  to 

it<  volatile  oils,  increases  the  |x^ristaltic  movements  of  the  intestine 

^bile  cftfTeino  has  no  eflect  ou  them.     Tea  that  contains  nmch  tannic 

*rif|  prtxipitatci?  the  peptones  and  albn rains  of  the  stomach,  and  may 

tari  to  chronic  dyspepsia  and  constipation. 

h  img  formerly  stated  tliat  euffee   lessened   the  tisi§iie  change  and 

['wit  oaght  therefore  to  Ije  inolnded  ainonij  fotxls,  and  one  enthtisiast 

?i*cn    suj^sted    that   a    diet    of  tea    and    coffee    cxchisivcly    sljould 

out  in   the  besieged  fortresses  of  France  in  iHl^K      It  has 

Dwn  conclusively,  however,  that  tar  from  lessening  the  nietal>- 

of  the  Ux!y,  coffee  and  tea  increase  it,   the  amonnt  of  urea  and 

lie  acid  excreted  being   considerably   augmented   by   their   nse, 

is  ouly  to  be  expected  from  the  increased  activity  of  the  nei^vons 

centrist  which  leads  to  incresksed  movement  and  increased  consump- 
'on. 

Ch<ip»>late  contains   the<:)bromine  (O.o-l    per  cent,),  instead  of  caf- 

h^^^  ami  bc^idf^a  this  a  large  amonnt  of  fat  (cacan- butter  .^^O-.iO   per 

<*ftt,)^  ^tan^h   and  albumins.     TIm^  thiH>bn»mine  does  not   [lossess  the 

ftiimilant  action  of  caffeine  on  tiie  nervous  system,  and  chocolate  may 

•**'*^*fi»(^   Ix*   taken  where  coffee   or   tea   prodnees   wakefulness.     The 

^h  and  fat  are  assimilate^l  by  the  tissues  so  that  chocolate  is  a  trne 

**1^     At  the  same  time  the  cacao-butter  is  nt>t  easily  absMrbcd   fnnn 

^ sitrf>raach,  and  may  give  rise  to  heaviness  and  discomfi^rt,  and  even 

w  indig^tion.     Chocolate  is,  therefore,  often  used  freed  from  the  oil, 

****•  theobromine  h  also  sf>mewhat  detrimental  to  the  gastric  mucous 

''^^itlbmne  after  continued  use. 
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IX.     CURAEA. 

C'iirarj,  \voonini,  iirari  or  woorali,  is  an  arrow  fKii^on  iised  by  I 
native?*  of  South  America,  wIhj  prepare  it  by  extracting  various  Ih 
and  plants.  The  phiiits  u.sed  t?eem  to  vary  somewhat  in  different  lac 
itie^j  hwi  those  w^liieh  produce  the  symplonis  known  as  curara  acd 
are  uiulouhtcdly  members  of  the  genus  Stryehnos,  such  as  S,  toxifJ 
Different  |3r(^pamtioiis  of  eurara  were  found  by  Boehm  to  cont 
different  alkaUnds.  That  formerly  obtaiualjle  owal  its  activity  to  i 
riiu\  but  tlie  eurara  now  exiRirted  contains  TnhmmrariHt',  which  rose 
bhAS  eurarine  in  itsncliou,  and  ^ '/f/'mej  a  weaker  poiiison,  which  ha^^aiH 
tirely  different  effect.  Another  ijre[)aration  examined  by  him  cootaiil 
three  alkahjids,  l^rofoeurhie,  Prohatrhfinr  mu\  ProtocHranney  the  last | 
whieh  is  the  most  powerful  of  all  the  cunira  alkaloids.  Most  of 
experiments  on  whieh  the  statements  rcj^jfardin^  eurara  action  are  ba« 
were  performed  by  the  crude  dni^,  but  tlie  alkaloids  seem  to  havi 
very  similar  effect,  with  the  exception  of  curine. 

Action.  — ^The  chief  effect  of  euranx  is  paralysis  of  the  Terminati 
of  the  Nerves  Supplying  Striated  Muscle,  and  it  therefore  causes  gend 
paralysis  of  all  tlic  voluntary  rnovemeuts.  In  the  mannual  the  mH 
cles  give  way  one  after  the  other  unlit  tlie  animal  lies  helpless  ou  1 
gmuud.  It  cum  still  move  its  limbs,  but  cannot  recover  its  ordiu 
position,  and  soon  the  limbs  become  ttitally  paralyzed  and  the  respirato 
movements  alone  persist,  althotigh  they  too  uvv  slow,  weak  and  jerkjj 
Eventually  the  res[>i ration  ceasei^  also  and  asphyxia  follows,  but  is 
not  IxHrayed  l)y  the  nsoal  convulsions,  owing  to  the  paralysis  (*f  tk 
motor  nerve  enils.  The  blood,  however,  becomes  venous,  and  the  h^'art 
smm  fails  from  the  a'^pliyxia  and  not  through  the  direct  action  of  ihi 
poison. 

In  the  frog  similar  symptoms  are  seen,  but  here  the  arrest  of  tbc 
respiration  is  not  necessarily  fatal,  as  the  skin  carries  on  the  exchange 
of  gases,  and  rLHJovery  not  iutrequently  occurs  after  two  or  cveu  fiv** 
days  of  complete  paralysis.  The  cause  of  the  curara  ]>aralysis  was  deni- 
oustratc*l  by  the  elassi<-al  researches  of  ( 'laude  Bernard  ami  Kolliker. 
If  the  sciatic  nerve  of  the  frog  Ijc  stimulated  during  the  paralysis  do 
movement  fij  I  lows,  but  if  the  artery  of  one  leg  be  ligatured  before  th^ 
application  of  the  poison  this  liud>  remains  unparalyzed  and  react§  to 
reflex   irritation,   while   the   rest  of  the  body  h  perfectly  motionk^* 
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only  be  interpreted  in  one  way  ;  the  paralysis  is  peri- 

StnTamf  not  central,  and  may,  therefore,  be  due  to  action  either  on 

Itlie  mu*cle,  the   nerve   tnmk<,  or  the  intermediate  struetiire^.     That 

it  U  not  due  to   the  muscle  is  shown   by  the  fact  that  direct  stinm- 

I  lalion  caase«  the  same  movement  as  ti^nal.     On  the  other  hand,  in  the 

Ifxperiiiient  in  winch  the  artery  in  ligatnred,  stimulation  of  the  nerves 

]  above  the  Iigatnre,   that  is»  where  the  jwisuii  has  access  to  the  nerve 

tibre^causieaoouiraction,  so  that  the  nerve  tronks  do  not  seem  alfeeted. 

Tills  aiay  be  shown  in  another  way  ;  if  a  nerve-muscle  preparation  be 

^agleaud  the  nerve  be  laid  in  a  solntion  of  cnrara,  contract  ion  of  the 

cK*  j^itill  oeenrs  on  .stimidation  of  the  nerve,  l)nt  if  the  nmscle  Ik? 

laid  in  the  eurani  sohition  stimulation  of  the  nerve  has  no  effect  while 

difivt  stimulation  still  causes  contraction,      Cnrara  must,  therefore,  act 

on  the  oonnccition  between  the  nerve  and  mnscle  withhi  the  muscle  it- 

ri4f»  that  i^,  on  the  terminations  of  tlie  nerve  in  the  muscle.     Curara 

[*uiljx«s  the  nerve  terminations  without   previous  stimulation. 

H*"*"  ^'*'^^'  'T*^^  better  than  elsewhere  it  can  be  shown  thul  the  condition 
of  ^  produced  by  poi-M>tis  in  analogous  to  that  termed  l>y  phyi*iol- 

ofjui.  ,a,,^^*i/*  II  i'^  known  that  on  stimutating  a  nerve  rapidly  by  elec- 
tric shocks*  or  other  wise  ^  ilKMinLsdeat  lirst  contructs  with  every  .stinuda lion, 
but  ..Tvnt.t  div  ceii-^es  to  rer^pond,  owiii^  to  **fatigne'*  of  the  nerve  ends, 
tbr  inability  to  transmit  impulses  from  the  nerve  to  the  muflcle. 

Ifuu .     ptnise  to  nerve  stimuhition  of  a  mitsele  t^  which  ii   miiuite 

^tttnlHy  of  eururine  hiis  been  applied,  be  compared  with  tbut  of  a  normal 

oil*,  H  (a  found  that  the  poisoned  one  eeasc:**  to  reHpoiul  nuieh  j^ooner  than 

*lit  otiivr— I,  e.,  its  nurve  ends  become  fatigued  much  ^^ooner.     The  more  cu- 

nrA  Ik  iMi.iu  J   the  sooner  does  it  fatigue,  until  at  last  no  response  at  ail  can 

1 1  H.     The  *' paralysis  *'  of  the  nerve  terminutions  i>y  eunim 

line  nature  as  physiological   *' fiiti^ne/'  and  other  conditious 

are  al^^i  analogous  to  thos4»  prodneed  by  over-slim«hition, 

,  ..i^  I  condition  of  the  paralyzed  or^an  nniy  not  be  the  same  a^  the 

'        'I  '  iio.      Thus  there  is  some  reason   to  suppose  that  in   the  eurarized 

-  'b»' enerjity  ennsumfd  in  tnuismissiou  is  prei^ent,  but  in  sneh  a 

tfinot  be  changed  to  artual   movement,  while  in  fatigue  the 

been  exhausted  by  the  irapnlsea  which  have  already  passed 


tilftii 


Ugh, 

f^*urftra  paralyzes  very  readily  the  terminations  of  nerves  in  all  stri|>ed 
AiUBetilar  tissue  except  the  heart.     Tlie  nerves  first  atFec^ted  are  tlmse 
2^  the  short  mnscles  of  the  toej^,  ear  and  eye,  later  thot^e  sopplying 
limlH,  head  and  nec*k^  and,  last  <i(  all»  thiise  supplying  the  muscles 
^^piration.      At   first,  slight  movements  vnn  be  performed,  because 
im|Hilse$  can    jiass  through  the  nerve  ends,  but  sustained  con- 
ns fiijeh  as  are  necessary  to  preserve  the  equilibrium,  i^annot  be 
(naintaincHl  and  the  animal  therefore  falls.     The  intermittent  impulses 
the  re-   "  muscles  still  allow  time  in  the  interval  tor  the  re- 

't?n'  of  '  iiinatioris,  but  as  the  intoxication  proeeeds,  the  nuiu- 

**f  inipul^*s  which  can  pass  through  becomes  fewer  and  fewer,  and 
Woe  movement  therefore  assumes  more  and  more  the  character  of  a  jerk. 
^^^toally  total  (lamlysis  sets  in  aj»d,  unless  artificial   respiration  ig 
**'**^  nn,  asphyxia  follows.     Small  doses  of  curara  do  not  aflect  the 
17 
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innervation  of  unstriped  muscle,  and  the  strict  dem&rcation  of  i 
is  seen  very  distinotly  in  organs  which  consist  partly  of  striai 
partly  of  unstriated  fibres.  Thus  in  the  oesophagus,  the  striated 
fibres  no  longer  contract  on  stiraulatiou  of  the  vagus  after  cai 
while  the  unstriatetl  continue  to  res|xtnd  as  usual.  In  the  iris  of 
mammals,  which  consists  of  unstriatcd  muscle,  eurara  has  no  effect,  w 
the  striated  muscle  of  tlie  bird's  iris  ceases  to  resp>ad  to  stimulatioi 
the  motor  ocnli,  hut  contracts  on  direct  stimulation.  Tiie  terminat 
of  the  nerves  ia  tlie  heart  are  notaifected,  as  the  winliac  fibre  is  no( 
the  same  character  as  tlie  ordiuary  striated  one,  but  the  nerves  of 
lymph  hearts  {»f  the  frog  are  |>aralyzed,  these  organs  consisting  of  o 
nary  j^triated  niu.scle*  Curiously  enough,  it  has  bec»n  ibnnd  that  ciu 
docs  not  act  on  the  terminations  of  the  motor  nerves  supplying  the  e 
trical  organ  of  the  tor[)edo,  altliough  this  organ  is  analogous  to 
muscle  in  many  respects.  The  nerve  ends  in  striated  muscle 
vertebrates  also  appears  to  Ix^  immune  to  eurara  (Straub). 

The  nerve  fibres  secern  unaifected  by  eurara,  for  stimulation 
the  usual  electrical  changes  in  them  after  it.  The  action  of  cnraS 
the  muscle  fiba^s  has  been  a  gwjd  deal  disputed,  many  authorities  Jk 
ing  that  any  alteration  whatsoever  occurs,  while  others  assert  that  sli 
moditications  may  Im*  obscrvetl.  The  irritability  to  ditiect  ^timidaj 
seems  nither  less,  but  this  is  due  to  the  paralysis  of  the  nerve  e! 
The  contraction  is  often  said  to  be  somewhat  prolonged  and  weakei 
and  the  abtiolute  strength  to  be  diminished,  but  these  changes  are 
anv  case  very  slight  and  imin)]wrtaut. 

When  larger  quantities  of  cunira  or  cunirine  are  injected,  se7< 
other  organs  are  affccteiL     Thus  tl»e  Periplieral  Ganglia  cease  to  tra 
rait  impulses,  and  hence  stimulation  of  the  nerves  central  to  theni 
little  *>r  no  etfect.     In  this  way  the  stimulation  of  the  vagus  in 
neck  prmluces  no  slowing  of  the  heart,  because  the  impulses  caa 
longer  pass   tli rough   the  ganglionic  structures  on   the  course  of 
fibres,  aud  stimulation  of  several  stH^retory  nerves,  such  as  the  cho 
tympani,  has  no  effect  on  the  secretion.      In  the  same  way,  stimnlal 
of   the    fTrvidd   sympathetic  no    longer  dilates    the    pupil,    aad 
splauelinic  nerve  loses  its  contrtd  over  the  mesenteric  vessels  and 
movements  of  the  intestine.     The  symjiathetic  ganglia  arc  also  p 
lyzed  by  nicotine,  which  differs  fmm  eurara  in  stimulating  theni  ] 
viously,  and  also  in  attacking  the  ganglia  before  it  affects  the  endi 
in  muscle. 

Large  quantities  of  eurara  are  often  said  to  paralyze  the  IH 
termiuatinus  in  uustriated  muscle,  but  this  has  never  l»ecn  satisfacto 
proved,  all  the  sym|tt(mi9  quot€^  to  show  this  effect  being  explai 
by  the  paralysis  of  the  sympathetic  ganglia,  which  undoubtedly  ooc 

Curara,  then,  first  paralyses  the  terminations  of  eUcrent  or  cei 
fugal  nerves  in  voluntary  muscle,  and  in  larger  quantities  the  gun 
(cf.  Nicotine).  The  peripheral  terminations  of  the  afierent  or  sent 
nerves  seem  unatlected,  for  if  the  arterj'  of  one  leg  be  ligaturetl  he 
the  application  of  eurara,  nflex  movements  may  be  obtained  in  it  f 
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^dnuilftttiYft  of  any  part  of  the  ImhK%  while  if  the  sensory  terminatioti8 
^ef'  A  reflexe**  eoiikl  l>c  elicited  only  by  the  irritation  of  parts 

to^'  poi.soii  had  not  penetrated,  k  ^\,  from  the  ligatured  U-*x* 

Vefr  large  quaotities  of  curanne  are  said  by  Tillie  to  crause  a  stira- 
aUtldQ  of  the  Central  Nervous  System  resembling  that  dei^eribed  under 
•.tn'dinlnf.  In  ordinary  poiMininir,  however^  no  evidence  of  this 
>tinmlation  U  shown,  as  although  an  inerexLsed  nntiiber  of  impulses 
ottf  be^nit  out,  they  cannot  reach  the  peripheral  organs  owing  to  the 
ftainiioi  tbo  motor  end-phites  and  of  the  ganglia.  If,  however, 
amifme  rroch  the  central  nervous  system  \vithout  alfeeting  tlie  mus- 
cles, fpasmodic  eontraetions  and  inereiused  reflexes  (X-cnr  exactly  as  iu 
rtrrrfinine  ptnsoning.  This  i8  seen  when  cunirine  is  perfun^'d  through 
th«?  vi»a*U  of  the  o<»rd  or  when  it  is  applied  to  it  without  the  aid  of  the 
amtlatioo«bQt  tlie  quantity  n^qulred  to  stimnlate  the  eon!  is  mucli  larger 
-iilHci*s  to  paralyze  the  terminationsof  the  motor  nerves. 
::  -  not  seem  t<»  be  acted  on  directly  by  ordinary  quan- 

iitits  of  eurarine,  and   the  circulation   is  left   intact    long  ailer  the 
'^piratory  nervi«    have   been  paralyzed.     I^arge  quantities  prevent 
^  inhibitory  action   of  the  vagus,  and    the    pulse    is  conswiuently 
I.  but  the  l»loud-pressiire  often  begins  to  fall  at  the  same  time, 
the  dilatation  of  the  (jeripberal  arteries  thnnigh  paralysis  of 
'^*^  ^riglia  on  the  course  of  the  mnstrietor  nerves.     After  cnrara  and 
'"''«^rine  the   movemcnt^*3  of  the  Intestines  are  said   to  be   increased. 
ThiH  wrsH  ftifmerly  supposed   to   be  due  to  the  asphyxin,  but  seems  to 
tit  of  It,  for  the  increased   peristalsis  «M*enrs  even  when 

.  j«irdtion  is  kej^t  up,  and,  according  to  Xasse,  the  irritability 

"f  Ibe  bowel  muscle  is  much  increased  by  cunira.  A  similar  accelera- 
*'«ii  of  (he  rhythmic  movements  of  the  spleen  has  been  noted  after 
<^iiira  by  Shafer  uiul  McM»re. 

The  8#creti0]is  sometimes  se^em  to  be  increased  by  eurara,  for  tears, 
salira  iiml  {MTspimtion  may  be  tbrnied  iu  eonsidenible  excess  of  the 
BcroMil^  but  no  exphmatiorj  has  Ih^cu  otFered  and  it  may  possibly  be 
f/tif  u>  Uie  asphyxia  and  not  to  any  direct  action. 

Tbe  pawialysij*  of  the  ends  oC  tlie  motor  nerves  leads  to  a  very 
marked  decrease  iu  the  products  of  Tissae  Change.  Thu«,  the  carbonic 
jdd  rxcffltHl  and  the  oxygi*n  absortietl  amount  to  only  J— 5  of  the 
oormalHi  lit!«au§e  the  impulses  which  pass  to  the  muscles  and  maintain 
tlltir  inHab*>lism  in  the  normal  animal,  are  |*revented  from  reaching 
through  the  paralyzi^l  terminations^.  This  change,  it  must  be 
ited,  U  out  doe  to  any  direct  action  in  the  muscular  fibres  but  merely 
the  iraptil^e*  fri^ni  the  eeulral  nerve lus  system  l>ei ug  cut  off. 
Another  alteration  of  the  tissue  change  otk-n  jirtxiuced  by  cnrara  is 
e^idtmoeii  by  the  appearance  of  sugar  and  lactic  acid  in  the  urine. 
TUs  ^lyctisum  is  not,  however,  a  direct  effect  of  tlie  drug,  but  is  due 
lo  tbm  iMpliyxta.  From  the  same  cause  the  glycogen  i»f  the  liver  and 
miBiclcs  dimppt^irs  entirely  soon  after  the  administration  of  cnrara, 

CKimim  is  ezcretod  by  the  kidneys,  a]ij>arcntly  unchanged.     It  has 
\omg  ham  known  that  this  arrow  poison  may  be  swallowed  with  ituyui- 
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nity  provided  there  is  no  wounded  surface  in  the  molith  or  thr 
tliat  it  is  therefore  j>erfectly  safe  to  suck  the  poisoti  from  Ji 
TiuA  hiis  been  explained  in  varioua  ways,  j^ome  hokli ug  that  i 
sijrption  from  the  stomach  is  so  slow  that  tlie  kidneys  are  able  I 
Crete  the  jwison  as  fast  as  it  renehes  the  blood  and  that  this  preveo 
accumulation  insntHcient  quantity  lo  atfeet  the  tiiasues.     Others  siiil 
that  the  liver  retains  and  destroys  it  and  a  thirti  view  is  tliat  it  ta 
dered  inooeuous  in  passing  through  the  stomach  walls.      The  resuli 
difrcrent  investigators  differ  so  widely  in  rc^gard  to  these  explatia 
that  it  is  impossible  to  state  defiuitely  which  is  correct,  and  it  is  i 
likely  that  more  than  one  factor  is  engaged. 

Rothberger  has  recently  shown  that  curara  and  physosti grain 
mutually  antagonistic  so  far  as  the  aL*tii>n  ou  the  nerve  terminaiioj 
striated  muscle  is  coucerned  (see  Physostigraine), 

Curiiie^  the  second  alkaloicl  found  hy  Bi^K-hm  iu  some  specimens  of  cu 
is  a  much  less  poidonou.'*  iKxly  tluui  eunirine.     It  possesses  some  ac 
the  heart,  the  same  appea ranees  following  its  injection  in  the  frog  iiii| 
digkaliu  and  veni  trine,  whik*  in  inumiatils  the  rhythm  is  slow  even] 
paralysis  of  the  inhibitory  mechanism. 

PREPABATIONS. 

Ourara,  an  extniet  of  varying  constitution  and  strength.  The  ac^*vo 
BtituentH  are  fnvly  s^okible  in  acidulated  water,  and  when  used  ou^rht 
iujected  hypodennk-ally.  Before  using  curara  iu  therapeutics  it  isali 
neeessiiry  to  estimate  the  strength  of  the  preparation  by  experimeol 
animals,  and  its  appkcalion  ought  to  he  frmdualedi,  commencing  witki 
smallei^t  qviantitie.'*  and  iucrea«iing  them  until  the  dci^iired  effect  is  all 
Neither  canim  nor  its  alkaloids  are  recognized  by  any  of  the  ofiicla]  pi 

CODGBiaS. 

Therai^eiitic  Uses. — Cui-ara  has  been  used  occaj^ionally  in  various 
lionf*  of  exajrgemtcd  movement,  such  as  tetanus,  strychnine  poisoning 
hydrophobia.  The  object  is  to  lessen  the  movement  by  partial  |»iral;  ' 
die  motor  terminations.  The  respiratory  ner\'es  being  the  last  to  be  a 
by  the  poison,  the  ronvnlsions  may  be  controHe<i,  or  at  any  rate  hfaw 
from  causing  such  markcrl  irregularity  of  the  re-^piration  as  thev  ¥ 
otherwi'te  do,  and  in  the  i^iame  way  the  overstmin  of  the  heart  caused  by 
con\Tilsions  may  tx'  pn*veuted.  The  danger  accompanying  the  use  of  c! 
is  great,  howe%er,  and  the  fact  that  in  all  these  eases  the  cause  of  the 
ment  is  excessive  activity  of  the  central  nervous  sj^stem  would  seem  toil 
cate  one  of  the  many  depressants  of  that  system,  rather  than  a  drug  so< 
eurara,  whose  action  is  on  an  entirt*!y  ditferent  part  of  the  body.  ^kW 
cases  of  tetanus  and  one  of  hydrophobia  are  alleged  to  have  lK*en  suci^'SsfuUy 
treated  by  it^  but  its  use  must  still  be  regarded  as  purely  experimental,  <iiii 
in  fact,  as  genendly  opp^^sed  to  the  teachingiR  of  rational  therajwutit-s. 

Paralysis  of  the  terminations  of  the  motor  nerves  in  striattKl  muscle l^ 

so-called  ''Carara- Action  "—is  eliciteti  by  a  large  uunilH^r  of  i>oisons.  b«it  \» 
few  of  them  is  it  the  first  effect  of  their  application.  Many  drugs  induce  it 
only  when  injected  in  large  quantities  and  at  the  end  of  a  serie.^  of  phpmnB^ 
cua  producetl  by  their  action  on  other  parts  of  the  l»ody  ;  it  is  observiHl  mtid»^ 
more  frequently  in  frogs  than  in  mammaK  and  is  often  of  little  import^iico 
compared  to  the  other  symptoms,  .\mong  the  bodies  which  rf^^emble  rnn«T«i 
more  ck^sely  in  their  action,  the  peripheral  ^laralysis  playing  the  chief  r&l© 
ill  their  effects,  are  the  eom|>ouuik  formed  from  the  natural  alkaloids  by  tko 
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pltitioti  of  AO  alkyl,  r.  tj.,  inethylstrychniue,  tunylqiiinme,  etc.*     Some 
I  anuuoiiiiini  ssilt^  uud  many  of  ihf  iiikyl  aiiiUKiiiiiiiu  etimlimation^  uLso 
it*    &u  that   the  general  stiitement   may    ha   miule    that    qLtatenmry 
ads  of  tittrogen  posses^s  a  cumra  action  ;  in  thcfse  the  nitrogen  atom 
T*     ■         '  by  phosphorus  or  ai-aeuic  wiliiout  loss  of  the  curara  actioii^ 
It  I.  ^  dot  a  uecessary  constltueot  of  substances  possoii^ing  this 

1  liL'  himpler  bodies,  pyridine  and  iininolinc  which  form  the  basis 
.  of  the  natural  alkaloiris^  have  little  action  save  on  the  nerve  ends^  a 
Iscif  £^me  importance  in  the  eonsidenition  of  the  relution  between 
c«I  con^itution  and  tlie  phurnmcolo^rical  action  of  poisons.  At 
\  tiin^  the  property  of  causing  this  paralysis  is  so  widespread  among 
laf  very  different  constitution  that  it  may  be  lonked  up<Mi  as  in- 
wg  A  |ieculiar  ssuiiceptibility  and  weakness  of  the  molt>r  terminations, 
f  ^pet'iaUy  in  the  lower  vertebmteSj  and  inferences  biised  upon  it  as  to 
Dtitital  relation  of  substancei^  are  to  be  received  with  ciiution  (San* 
»>. 
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alkaloids  which  show  many  points  of  resemblance  to  cm^ara 
f macologieal  effects,  may  be  classed  together,  although  their 
ilifftT  ia  details. 

Coiiiiiie. 

Doniine  is  one  of  the  simpler  derivatives  of  Pij^eridine,  which  is 
aioed  from  lyrldine  by  reduction.  A  series  of  alkaloids  may  he 
uitl  fniin  pi|>eridine  by  8U Instituting  methyl,  ethyl ^  propyl  or  other 
for  hydm^en,  and  one  of  these,  a-propyl -pi  peri  dine,  is  the 
1  alkaloid  coniinc. 


CH 


Pl|»«ridlDG. 


XH 


H/^^/rtl- 
NH 


<^.H, 


^itoi^lm^  recently  stated  that  tiibocunirine,  which  in  the  active  constituent  of 
*  *rf  the  mwJe/TJ  enraniy  l»  n-.tllv  one  of  thoae  methjl  bases  (muthylciirmeV 
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aied  by  some  investigators,  who  maintain  tlmt  coniine  has  little 
I  o-ntnil  action,  but  maiiifests  its  activity  only  io  the  peripheml 

niiiie  causes  nausea  and  very  often  vomiting  at  an  early  stage  of 

This  may  be  elicited  by  its  hypideniiie  or  intniveoous  In- 

fi,  and  is  probably  due  to  an  alteration  in   the  niedidlary  centres 

thjin  in    the  stomach.     Tlie  nuosea  is  accompinied  by  pryfu»e 

lion  and  sometime:?  by  perspiration. 

rhief  effect  of  ci>niine  in  the  frog  is  a  paralysis  of  the  TermiEa- 
1  of  the  Motor  Nerves  similar  to  that  induced  by  curara.     This 
ilvais  is  elicited  only  with  difficulty  in  the  mammal,  Ivut  nnffaes- 
occurs  to  a  more  or  less  marked  extent.     Aeeurding  Io  some 
on  the  subject,  all  the  symptoms  in  mammals  are  due  to  the 
I  of  the  ends  uf  the  motor  nerves,  while  others  regard  l^oth  the 
txrvubiions  and  the  final  failure  of  the  respiration  as  of  central  origin, 
ems  likely  that  while  in  the  frog  the  symptoms  are  all  due  to  the 
on  the  nerve  terminations,  some  of  the  phenomena  observed  in 
are  due  to  central  stimulation  and  to  rsubseijiietJt  paralysis  of 
lallan*  centre  of  respii-atiou.     It  is  dilficult  to  explain  on  any 
tbeor\'  how  the  symptoms  of  ooniine  poisoning  are  so  ditJerent 
those  of  curara. 

OQiitie  act*  on  the  Periplieral  Ganglia  in  the  same  way  as  curara, 
E>rding  to  some  writers  these  are  first  stimulated  and  then  para- 
and  there  seems  to  be  no  question  as  to  tlie  final  paralysis, 
fhether  the  prelimiuary  stimulation  is  present  or  not*  Coiiiine  cer- 
tuoly  does  not  act  so  strongly  on  the  ganglia  as  nicotine,  and  the 
of  tlie  action  may,  therefore,  he  left  for  discussion  under  that 
(See  page  274.)  The  inhibitory  impulses  no  longer  reach 
lifter  large  doses  of  coniine,  owijig  to  paralysis  of  the  gang- 
tic  apparatus  and  stimulation  of  the  vagos  nerve  has  no  effect  on 
I  pulse  rate-  Some  drugs  wlndi  act  on  the  extreme  terminations  of 
I  bhibitory  fibres  still  slow  and  weaken  the  hearty  Imwever.  Simi- 
ly,  stimulation  of  the  cervical  sympathetic  no  longer  dilates  the 
,  becanse  the  superior  cervncal  ganglion  is  paralyzed.  Tlie  partial 
of  the  pupil  in  cases  of  poisoning  may»  perhaps,  indicate  a 
lllar  action  on  the  ciliary  ganglion. 

Coniine  seems  to   have  but  little  direct  eftcK't  on  the  Heart  though 

'  quantities  slow  tlie  rhythm  and  somewhat  prolong  the  systole  in 

lfrug(Mix}re  and  Kow),  and  some  slowing  of  the  mammalian  heart 

►  lieea  noted  trom  the  intravenous  injection  of  large  quantities.     The 

nibitory  mechanism  is  often  founil  to  he  stitnulated  and  the  pulse  is 

ondingly  somewhat  slow  and  weak.     The   [Kiralysis  of  the  ganglia 

the  inhibitory  nerve  may  lead  to  some  acceleration  in  other  eases, 

t  the  changes  in  tlie  heart  are  not  markeil  features  in  the  intoxica- 


ore  aud  Row  have  observeil  a  very  considerable  though  transient 

I  in  the  arterial  tension   after  coniine,  and  regard  it  as  of  pe- 

origin,  for   they  found  tliat  the  perfusion  of  coniine  through 
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the  hload  vessels  o!"  tlie  frog  tends  to  coustrict  theto,  while  the  < 
appliaitiou  to  the  expo.scd  blood  vessels  has  no  such  effect,  hut 
widens  their  calibre.     They  are  accordingly  inclined  tu  regard  tl 
of  bltM^d-pressiire  as  due  tu  a  stimuiution  of  the  ganglionic  upp 
lying  on  the  eutirse  of  the  vuso-coiistrictor  nerves. 

Tlie  Respiration  is  generally  accelerated  and  deejiened   in  ilie  < 
stagcH  of  the  enniine  intoxication,  but  later  becomes  slow  and  lat 
then  weak  aJid  irregular,  and  finally  ceases  while  the  heart  is  still  Bt 
an*l  the  consrionsness  has  jnst  disapjK'ared,     The  clause  of  the  asphj 
is  still  nndecided,  many  investigators  holding  that  the  centre  is  (3am!] 
before  the  terminations  of  the  nerves  in  the  diaphragm,  while  the] 
jority  of  recent  investigators  look  U|M>n  the  paralysis  of  those  tern 
tions  as  the  canse  of  death. 

A  cnrious  change  has  been  observed  by  Giirber  in  tlie  Blood  Cel] 
frogs  poisoned  with  eoniine.     Numerous  small  vacuoles  appear  in  \ 
red  eorpuseleSt  and  persist  long  after  the  frog  shows  no  further  gyi 
toms  of  poisoning.     The  nucleus  is  also  somewhat  altered,  but  notj 
ch  a  rac  te  ris  t  i  ca  1 1  y . 

Coniine  is  rapidly  exeretei  in  the  nrinCj  so  that  its  action  pj 
very  soon  even  when  quite  large  doses  are  taken.     The  treatraenl 
ooniiue  poisooing  therefore  consists  in  evacuation  of  the  stomach  j 
artilieial  rospirntion. 

Piperidine  acts  in   the  same  way  as  coniine,  but  more  weakly, 
Diethyl-  and  ethyl-piperidine  stand  between  them  in  toxicity.     M 
of  the  piperidine  alkaloids  cause  the  formation  of  vacuoles  in  tbel 
bUKKl  cells  of  the  frog,  and  the  simpler  members  of  the  series  act 
strongly  in  this  direction   than   the  more  cfjraplex  ones,  while  theyi 
much  less  active  as  general  poisons. 

Pyridine  resembles  pipericliin^  in  most  features  but  does  not  par 
the  ganglia  nor  increase  the  blood -pressure.     It  seems  more  poison 
in  frogs,  and  induces  distinct  depression  of  the  central  nervous  systeSP 
but  like  pi]K^ridine  it  is  only  feebly  poisonous  in  mammals.     Pyridine 
is  excreted  in  the  urine  as  methyl-pyridine^  a  combination  between  it 
and  the  alkyl  occurring  in  the  tissues.     A  similar  synthesis 
between  methyl  and  telluric  acid  (see  Telluriuin). 

QulnoliEe  and  isoquinoline  canse  in  mammals  a  condition  of 
lapse  similar  to  that  seen  under  the  antipyretics  and  the  benzol  i 
pounds. 

Preparations. 

Contum  (TT,  S.  P.),  Conii  FructuB  (B.  P.),  the  dried,  Ml-grown, 
fruit  of  Coiviurn  maeiilatum,  or  licmloek. 

Extravfum  Conii  (W  H,  R),  0,05-0.1  II.  (1-2  grs.). 

Extraviitm  Com'l  Fluidim  (U.  8.  P.),  0.1-U.5  c>c.  (2-8  mina.), 

Tinctitm  Chnn  (B.  P.),  J-l  fl.  dr, 

Conii  Folia  (B.  P/),  llie  fresh  leavea  and  young  branches  of  Couium  i 
ulatnm,  eallecter!  when  the  fruit  hcgins  to  form. 

SucruH  fhiiii  (B.  P.),  juirc  of  liimikjck^  in  which  one  part  of  alcohoV 
adderl  lo  tlirre  of  the  juice,  1-2  11.  drs. 

Unguent  urn  CoUii  {B,  P.). 


GELSEmUM. 


26S 


:  Uses.  —  Coniiim  has  passed  into  almost  complete  disuse, 

been  prescribed  in  whtwpiiig-oougli  and  chorea  with  d<*ul>tfal 

and  has  been  employed  hx^lly  and  given  internally  to  relieve 

Tetanus  and  stryxhnine  poisoning  have  been  treated  with  it 

it  mppftrent  results. 
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Oelsemiiim. 

elstemmm   «iemperviren9  (Yellow  Jasmine  or  Carohna  Jasmine) 

ains  two  alkaloids,  GehenUfic  and   f_Tt'lseminine^     Gelsemine   forms 

ihne  salts,  while  gelsemioine  is  entirely  amorphous,  and,  as  far  as 

Bown,  does  not  form  any  crystalline  combinations*     Gelsemine  is 

slightly  active,  inducing  the  same  symptoms  in  frogs  as  strych- 

y  but  having  noeifecLs  on  mammals,  even  when  injected  into  a  vein 

hirge  quantity.     Gelsemioine,  on  the  other  hand,  is  a  j>owerfnl 

which  resembles  coniine  in  most  of  its  effects*     The  action  of 

erode  preparations  of  gelseniinm  is  nndoubtedly  dne  to  gelsemi- 

!  and  not  to  gelsemine,  as  far  as  mammals  are  concerned.     Large 

ntities  of  the  extract  injet^ted  into  frogs  may,   however,  increase 

iff;flex  movements  somewhat  from  tlic  gelsemine  they  contain. 

-The  symptoms  of  gelsemiom  poisoning  resemble  those  of 

so  closely  that  the  reader  may  be  referred  to  the  description 

i  under  the  latter,     Gelseminine  differs  from  coniine  clncfly  in 

Bing  a  more  depressant  action  on  tfjc  centra!  nervous  system.      In 

fc&»g  the  spinal  cord  is  distinctly  less  active  than  usual  before  the 

tinbof  the  motor  nerves  are  paralyzed,  and,  in  fact,  the  depression  of 

^  central    nervous    system    seems  to  be   the?  cans*^  of  the  general 

|ttnily!^i!^  in  these  animals,  rather  than  the  peripheral  action,  although 

tfc  w  always   present.      In  mammals  the  symptoms   resemble  those 

^y''4iiine  more  closely  than  in  the  frog,  and  thcn^  may  be  s<mie  ques- 

tKruas  trj  whether  the  effects  are  mainly  centra!  or  peripheral   in  ori- 

P^>   There  is  a  genera!  consensus  of  opinion,  however,  amrtngst  those 

^'tohave  worked  on  the  subject,  tliat  gelseminine  proves  fatal  by  para- 

jJvBngihe  respiratory  centre  rathtT  than  the  terminations  of  the  nerves 

1  the  diaphragm  and  other  muscles,  while  most  writers  m>w  consider 

Iroe  asphyxia  of  coniine  poisoning  dne  to  tlie  |>eriphcral  action.     Tlie 

I     J>OTemitie  is  fn^qiiently  known  a&  geWm  i  n  i  ne,  a  use  of  the  term  wMcli  leads  to  some 
l***'*^Wtl  which  U  not  based  on  the  hktory  of  the  drug. 
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symptoms  are  practically  identical ^  however,  and  it  will   probabll 
found   that  both  act  on  the   same  points  in   the   innervation   of  J 
respinition*     In    the  meantime  the  question  must  remain  unde 
for  b<>th  jmiHins. 

The  pupil  is  very  widely  dilated  by  gelserainine  when  a  solatia 
applied  locally  to  the  eye,  much  less  so  in  general  }x>isoniug,  in  wl 
the  respiration  generally  fails  before  the  pupil  is  fully  dilated. 
power  of  accomuiodation  is  also  entirely  lost  wlien  gelseminine  or  i 
semium  tincture  is  applied  to  the  eye.     This  loydriatic  effect  haj^l 
been  explained,  but  the  most  plausible  suggestion  would  seem 
that  gelseminine  paralyzes  the  terminations  of  the  oculomotor  nervdl 
the  eye  in  the  same  way  as  atropine.     Gelseminine  differs   fmm  aQ 
pine  in  its  behavior  to  other  nerves,  however,  for  although  it  paraly 
the  inhibitory  cardiac  fibres,  it  does  so  through  acting  on  the  ganglioi 
structures  on  their  course  and  not  on  the  extreme  terminations, 
action  on  the  ganglia,  as  far  as  it  is  known,  resembles  that  of  comii 
but  it  doc^s  not  cause  any  inci^ase  in  the  arterial  tension,  such 
observed  under  this  poison. 

Preparations. 

Oelsemium  (U.  S.  P.)»  Gelsemii  Radix  (B.  P.),  the  dried  rhizome  i 
roots  of  ( M4semiinn  semper vireiis  or  nitidum, 

Kxtraclmtt  {JetHnnii  Fiitidum  (U.  S.  P.),  O.S-0,6  e.e,  (5-10  mins.). 

TiHctura  GelHi-mii  (U.  S.  R,  B.  P.),  <K!^-l  c.c.  {5-15  miiis.), 

"  Gehemine  '■  is  an  uuoflieial  mixtareof  the  alkahjids  in  very  varying f 
portioas.     Ill  some  prepiinitioiis  im  gelsemhiiae  whatever  was  found. 

Therapeutic  Uses, — The  tincture  of  gelsemium  has  been  employed! 
a  niydriatie  in  ophthalmology,  tint  it  presents  no  advantages  over! 
more  genemlly  used  preparations  of  atropine^  and  sometime^!  ca«i 
some  pain  ami  rtnlness,  which  ha8  prevented  its  general  adoption  1 
this  purpose.  In  certain  forms  of  neuralgia,  especially  of  the  fad 
b ranches  of  the  trigeniiuus,  gelsemium  has  proved  t>f  some  value,  wh 
administered  internally  as  the  tincture, 
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Sparteine. 

Another  alkaloid  which  r€^semble.s  coniine  closely  iu  its  action 
Sparteine^  which  i.s  found  in  the  common  hrf>orn  plant  (8parritim  ^^ 
Cytisiis  BcojMirius),  along  with  a  neutral  substance,  Scoparhi.  Sj»r^ 
teine  is  a  pyri*line  derivati%-e  posj^easing  the  formula  CVJI^j-Nj,  »i>^ 
is  a  fluid,  hut  forms  crystalline  salts,  which  are  often  prescribed  injstcH^ 
of  the  enuh?  preparations. 

Action. — The  general  effects  of  sparteine  are  almost  identical  witl* 
those  of  coniine,  but  it  seems  very  probable  that  the  central  nervoi*^ 
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!s  littW  affected  by  it^  the  whole  of  the  phenomena  pointing  to 

A'dis  of  the   peripheral  terminations  of  the   mut^ir  nerves  and 

lily  i>f  the  terminations  aruuiul  tlie  cells  of  the  syrapathetie  ^m- 

Sparteine  hiL^  more  elTect  than  eoniine  on   the  hciirt,  which  it 

si>  that  the  rhythm  is  slow  antl   the   contractions   ^veak. 

injected  into  a  vein,  sparteine  induces  le.ss  increase  in  the  arterial 

ihaii  coniioe,  prohahly  because  the  eontraetion  of  tlie  vessels 

tiotcrbalauced  by  the  weakness*  of  tlie  heart.     No  increase  in  the 

lal  tension  is  observed  from  the  administration  of  sparteine  inter- 

,  ami  even  the  slight  rise  of  pressure  inducetl  by  intravenous  in- 

15  of  only  short  duration. 

{*lnw  pulse  and  slight  rise  of  pressure  observed  in  experiments 

iQimals  when  sparteine  is  injected  intravenously,  have  led  some 

to  ascribe  to  it  an  action  similar  to  that  of  digitalis,  and  at 

time  sparteine  was  used  to  some  extent  as  a  substitute  for  the 

;  b«3th   ex j)eri mental   and  clinical  observations,  however,  go  to 

that  these  claims  are  quite  unfounded,  and  sparteine  is  ct>mpara- 

y  httle  used  at  the  present  time,  and  possesses  no  properties  which 

likely  to  reinstate  it  in  favor. 

ISpurteine  is  very  mucli  less  poisonous  than  either  eoniine  or  gel  semi* 

.     It  proves  fatal  to  animals  by  paralyzing  the  terminations  of  the 

nil-  nerve:5  in  the  diaphragm. 

iSmom  tops  have  long  enjoyed  a  certain  reputation  as  a  diuretic,  and 

primps  strengthened  the  belief  in  the  virtues  of  .s|iarteine  as  a 

remedy.      Tlie  diuresis   is   not   due   to  the  sparteine,   however, 

►  the  scoparin,  which  sccuis  to  act  on  the  renal  epithelium  in  the 

way  as  Uva-ursi  and  other  remctlies  of  that  scries.     The  broom 

&re  generally  administeretl  in  the  form  of  a  deeoctiou  or  infusiotij 

the  large  amount  of  water  taken  along  with  them  may  also  tend 

iocnaise  the  urine  and  Uy  strcugthen  the  reputation  of  the   remedy. 

Preparations. 

Scopariua  (U.  S.  P.),  Scoparii  Cacumina  (B.  P.)^  the  tops  of  Cytisus  sco- 
ttriij*  nr  broom. 

Kitractum  Scoparii  Fluidum  (XJ.  S.  R),  1-4  c.c.  (15^0  mins.). 
Hum  Scoparii  (B.  P.),  1-2  tL  oz, 
iunSeoparii  (B,  P.),  1-2  U.  drs. 
tf^ieimr   Sulphojit   (U.  8.    P.)    (C,Jr^N,H,SO,  -h  4H,0),    colorless,    white 
LfyBtaU  \%'tth  !i  MiUntf  bittt^r  tiiste,  very  sfiiubh^  in  wuter  iind  aleohol.     Tlit^ 
|4aie  n^rointneniled  by  ditTerent  rlinieian&i  iih  uf  herietit  in  ht^art  disease  varies 
|fttHB0  0fKMX8  ii   (t'^-IS  grs.)  hi  the  eoiirseof  24  horn's.     It  nniy  he  given  in 
'o^of  U.l  G.  (2  gts.)  with  perfect  saiety. 

^m, — Broom  tops  are  used  as  a  feeble  diuretic,  generally  in  the 
[l^noofa  dec*>ctiou  (16  G*  in  'ifjO  c.c.  of  water  or  J  oz.  in  a  half  pint 
tmdivicltxl  doses  in  24  hours),  or  infusion  (li.  P.).  Sparteine  has  been 
I'ldviiied  iri  lieart  disease,  but  is  of  no  %'aluc  here.  It  has  also  been 
to  paraly^  the  terminations  of  the  vagus  with  it  before 
ftistration  of  chloroform^  the  ohject  being  to  a%Hjid  the  reflex 
hyuoope,  but  if  this  were  to  be  dreaded,  a  small  dose  of  atropine  would 
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be  preferable  to  sparteine.     It  has  also  been  si^gcsted  as  a  loc^ 
thetic  in  ophthalaiolog\-,  but  has  oolr  a  feeble  action. 
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XL     NICOTINE. 

Nicotine,  the  well-known  alkaloid  of  tobacc<>  (Xicotiana  tabacum)) 
a  volatile  fluid,  poseessing  a  strong  alkaline  reaction,  and  forming  \ 
with  acidj^,  most  of  which  are  amorphous.  The  exact  structure  of  I 
nicotine  molecule  (C\pHj^N.)  is  .still  under  discussion.  It  was  forine 
snppoeed  to  be  a  combination  of  pyridine  witJi  pipe  rid  ine,  but  a  no 
her  of  Its  reactions  seem  to  prechide  this,  and  it  has  thus  been  recent^ 
stated  to  contain  a  pyridine  and  a  hydrated  pyrrliol  ring.  Accordir 
to  this  theory  its  structural  formula  is  probably 


CH, 

f" 


-.CH. 


CH 
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Another  alkaloid  which  h  practically  identical  with  nicotine  in 
pharmacologit^Hl  action,  is  Pituriiw  (C\_,H,^X,),  which  is  derived  " 
the  pihiri  plaut  (E>nb)isia  Hopwoodii)/  The  leaves  of  the  pitori 
said  U\  bf  uspfl  hy  the  Australian  natives  in  ihe  same  way  as  tohi 
by  the  eiviliy^t^l  races, 

]\icotine   is  the  only  constituent  of  tobacco  which    possess^ 
toxieologjeal  interest^  altluuigh  several  other  alkaloids   are  present  i 
compai-atively  small  amounts.     It  is  accompauieii  by  a  volatile  o'* 
dried  tohacco,  but  this  is  only  developt^d  during  the  processes  of  ^ 
paration  and  seems  to  have  no  action  apart  from  that  of  the  other  vci 
tde  oils.     Tlic  odor  and  flavor,  and  probably  the   **  strength,"  of 
l)arc(*  depends  in  part  ujM^n  the  <piantity  and  fiu^litv  of  this  oil,  in  in 
on  some  products  of  the  drctimposilioii  of  nicotine.      Absolutely  pi 
nicotine   has  comparatively  little  odor,  bnl  it  drcoinptises  when  ke 
Ixcomes  tlark  colored   and  acquires  the  characleristic  odor  of  tolmc 

iohaecoisnot  used  in   thcrapeutit^,  hut  is  of  great  bvgienic  i 
portance,  and   nicotine  pinsesscs  considerable  birdogical   interest  " 
the  results  obtained  by  I.angley  by  its  use  in   physitdog^^  in  r* 
years,     it  nets  chiefly  on  the  central  nervous  svsteni,  the  sympathy 
gau^lia,  and  the  terminations  of  the  mr-tor  nerv'es. 

'toms,  — Poisonous  doses  adminit^tered  to  man  or  other  niamnjals 
'>t»  burning  sensation  in  the  mouth,  wliieh  spreads  down  thf 
^  to  the  stomae\i,  ui\d  \^  M\o\\<iA  h^  salivation,  nausea,  voin- 
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i  sotnetirnes  purging.  The  breatbing  b  quick,  deep  and 
ind  its  often  aoeora|>auietl  by  inoist  rales.  The  pulse  is  gen- 
m  and  s*>mewhat  weak  at  first  and  then  becomes  %'ery  rapid, 
very  large  doses  may  l>e  first  accelerated  and  then  slow  and 
3otne  mental  confusion,  great  muscular  weakness,  giddiness  and 
*SA  are  followed  by  loss  of  coord iDUting  power  and  partial  or 

UDcotisciotisness. 
iinvulsions    set    in  Fw-  24. 

^111  punted  by  fibril- 
tchiug     of   various 
«sid   eventually  a 
fioaam     closes    the 

fe?sting  the  res- 
other  instanec^s 
tilBioii6  are  followed 
jilete  relaxation  of 
8  of  the  body,  the 
disappear,  the  res- 
becomes  slow  and 
kd  finally  ceases,  the 
^aotinning  to  beat 
le  time  afterwards. 
iTge  doses  of  niw- 
y  prove  fatal  within 
lecondft ;  the  symp- 
re  tbose  of  sudden 
B  of  the  central 
\  system  incUiding 
pintor)*  centre,  and  j^ 
^Qvakions  are  de- 
L 

lie  frog  the  same  ex- 
it and  violent  convul- 


ife  seen  as  in  matn- 
but    the    res|ii  ration 

ftBSPS    and    there    fol-       ningranoorihorptfnkUngDf^nrfsof  thehoart.    P,  inhlb- 
^'       .  .  Itofy  ttbrc?  ansinji  ill  llip  va^us  ceutre  in  the  medylla  ob- 

l    **  cataleptic         Staere    loniaU  siul  ii-miiunUng  aromid  ganglion  culls  In  tli«?  auricle 
1     .  'I  ('*)•    The  axis  cvlimleni  issiiirjg  from  the4»ecBi]!4  ttrmlnAte 

JD  tlie  an  mm  J  assumes  on  the  mu^oular  fihrt-s  of  the  auricle  und  viiiitTicle  (  V).  R, 
at^c<?lerotor  fibres  iMJUulog  from  the  spinal  Cfirds  uud  t*?n«l- 
iiatln^  HroiJtid  Kat^iK^i^'?'  cfl Is  In  the jiteltate gaugl ioo  G.  The 
axi8  fibre?!  of  (ht-M-  (<Ht]>;lii.m  c«ll*  run  thnjtJuh  the -^n^«/tt4 
Vifuji*fnnnnii  tirniiitnh'  -.ri  the  muACulKr  fibres  uf  the  auri- 
cle and  Tentrlc'le-  X,  X  jwAntu  nt  whicli  u r>>4/« m^,  coiitm*, 
,  ,  chrttHru',  etc.,  Rct — thu  gatiglioti  cells  HurTounded  by  the 

tid,    the    thighs  are  at    t^^^nninatlons  of  tbts  nervf.*!.     Jf,  p^jiutB  ml  which /nHJCrtWud 
*      ,  I  '        r     ^^''"^ '^''''"/**«^  a<?t— the  lertulDationi  of  the  librea  which  ariiWi 

Indies    to    the  axis  or     from  the  Intra-cardinc  gan^rlia. 

Ay  and  the  legs  are 

on  them   but  are  not  ri^i<l.     When  a  leg  is  drawn  down  it  at 
•ctums    to  its  ori}j:inal   position,  and    tlie  frog  still  attempts   to 
ben   it  is  aroused.     Flhrilliiry  cfiiitriietions   are  ohservetl  in 
be  muscles.     Somewhat   later^   the   reflexes   dii^ap^iear,  the 


iracteriatic     attitude, 
re  legs  are  crossed  in 

&f  the  sternum,  nnd 
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cles  l>ecome  flaccid,  and  eventually  complete  pamlvsis  occui 
a  curara-like  actiuo  on  the  terminations  of  the  nerves/ 

Nicotine  had  but  little  toxic  action  on  the  lowest  invertebrat 
as  the  nervous  system  begins  to  be  differentiated   it  causes  par 
ami  still  liigher  in  the  scale  the  paralytic  action  is  preceded  by  a  4 
of  stimulation. 

Circulation.  —  The  action  on  the  circulation  is  extremely  comph 
a>5  a  unmWr  of  factors  are  iuvnlved.  After  moderate  qujintitifTJ 
lieart  is  slow  and  may  stand  still  in  diastole  tor  a  few  seconds,  but  tJM 
recovers  gradually  and  regains  its  furmer  rhythm  or  beooraes  soniewh 
<|uicker.  The  slow  pnlse  is  due  Uy  stimulation  of  the  ganglia  on  d 
vagus  nerve  (Fig*  24,  .V),  exactly  the  same  effects  being  produced  i 
by  stimulation  of  tlie  vagus  fibres  in  the  neck.  It  is  not  affected  b 
section  f>f  the  cervical  {jueumogastric,  as  the  path  fr*jm  the  ganglia  t 
the  cardiac  mnscle  fibres  is  still  intact,  but  on  the  other  hand  it  is  m 
vented  by  atropine,  whicb  acts  on  the  extreme  terminations  of  the  in 
hibitory  fibres,  and  therefore  blocks  the  |nissages  of  impulses  from  til 
ganglia  to  the  muHde.  It  is  also  preventetl  by  a  number  of  drugs,  5UC! 
as  curara  and  couiine,  which  paralyze  tlie  ganglia. 

This  stimulation  of  the  ganglia  is  of  but  short  duration,  soon  passini 
into  paralysis,  which  obstructs  the  passage  of  the  iiihibitorv   imncilse 
from  above.     On  stimulating  tlie  vagus  after  nicotine   there  is  eonse* 
(juently  no  slowing  of  the  heart  but  often  some  acceleratiun,  due  to  the 
fact  that  the  acceleratiog  fibres  running  alt)ng  witli  the  inlnbitorv  in 
the  vagus  nerve  have  no  ganglionic  apparatus  in   the  heart,  and  am 
therefore  unaffected  by  nicotine.      Although  inliibitory   impulses  ciJL 
no   longer  reach   the   heart   from   above,   the    intracardiac   inhihitorT 
neuron   is  still  intact,  and  stimulation  of  the  venous  sinus  in   the  frcg 
still  causes  arrest  of  the  heart  exactly  as  in  the  normal  animal.     The 
stimulating   current  here   reaches   the   inhibitory  nerves   beyond   tk 
paralyzed  ganglia  (Fig,  24,  A'),  and  these  preserve  their  usual  irrita- 
bility.    In   the   same    way    a    number    of  poisons  which    act   upon 
the  extreme   terminations  of  the  inhibitory  fibres  in  the  heart  muscle 
(Fig,  24,  M)  can  slow  the  rhytimi  even  after  the  ganglia  have  been 
paralyzed  by  nicotine  (see  the  Piloc<ir|yine  mid  Muscarine  group).     The 
results  of  the  stimulation  and  subsequent  paralysis  of  the  ganglionic 
structures  ou  tlie  inhibitory  fibres  by  nicotine  are  the  preliminarv  slow- 
ing and  subsefpient  slight  acceleration  of  the  heart  rhythm  seen  in  both 
cold-  and  warm-hlmided  animals      In  larger  doses  nimtine  pn^duc^i 
no  slowing  nf  the  heart.,  owing  to  the  ganglia  being  panilvzed  imroc- 
diately,  without  previons  stimnlation. 

In  addition  to  its  action  on  the  peripheral  inhibitory  gimglia,  nicN> 
tine  seems  to  stimulate  the  vagus  centre  in  the  mcHluik,  as  the  slow- 
ing is  greater  when  the  vagi  are  intact  tlian  when  they  are  divided. 
But  apart  from  this  action  on  tlie  iuluhitury  ap])aratus,  nicotine  pos- 
sesses some  direct  action  on  the  heart  muscle,  which  appears  to  hefin** 
stimulated  and  then  depressed.  Accordingly,  when  the  inhibitory  appft- 
mius  has  been  previonsly  paralyzed^  moderate  quantities  incnitse  tbt* 
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of  the  heart  beat  eoDsiderably,  wliile  very  large  ones  slow  and 
it.     It  bus  been  supposed  that  this  quickening  is  due  to  action 
'  aooelerator  centre,  or  on  the  ganglia  on  the  course  of  the  syni- 
aeoeleratnr  fibres  {N\  Fig.  24),  l>ut  thh  seems  not  to  be  the 
'<yui^,  for  Wertheimcr  found  the  acctdiTation  continue  even  after 
>li  of  these   gangHa.       The   quickening   must   be   attributed 
or  wholly  to  action  on  the  cardiac  nniscle,  or  on  the  termina- 
lof  the  accelerator  nerves  in  it.    The  sobswinenl  slowing  and  weak- 
I  tt  undoubttKlly  due  to  a  paralyzing  action  un  tlic  muscle  itself. 

injection  of  nicotine  into  a  vein  or  subcutaneously  an  im- 
f  augment  at  ion  of  the  arterial    tension  occurs ;  this  may  be  due 
to  jjtimuhition  of  the  vaso -constrict or  centre  in  the  medulla^  but 
be  as*cribed  chiefly  to   peri phc nil   influences,  for  it  has  been  ob- 
after  i^eetion  and  even  at'ter  toial  renjoval  of  the  spinal  cord. 
'  \*iigo-constrictor  nerves  pass  thrf>ugh  gauglia  on  tlieir  way  to  the 
ek  and   the  rise  of  tlie  blood-pressure  seems  to  be  mainly  caused 
[a  stimulation  of  these  gangHa. 

^constriction  of  the  vessels  t\an  be  ohscr\  ed  in  many  parts  of  the  body 

"  lilery,  foot,  rabUit's  ear,  etc.     In  these  ptirtn  the  palltir  prodiieed  by 

owing  of  the  vessels  is  fuHowed  by  redness  and  eon^eHtion  nwiiig  to 

llysis  of  the  punglia.  and  at  the  same  lime  the  pressure  falls  to  a 

n**trhat  below  the  nornmh     In  some  parts  of  the  body  no  const rlc- 

llbr  ve>j»eli5  occnrs  ;   for  exiimple,  the  do^^s  lip  and  moyth  are  eon- 

Rt  and  then  become  pale.     This  Hushing  seems  partly  due  to  the 

►  of  the  gim^ljonie  apparatus  on  the  vasodilator  fibres  for  these 

^fSftOQot  be  wholly  explained  thus,  for  it  oeeurs  also  after  removal 

rior  cenieal  gati^lion,  ultlmuKb  to  a  less  nnirked  degree.     It  may 

be  caused  in  part  by  direct  action  ou  the  vessels. 

I  After  a  few  minutes  the  blood- pressure  falls  to  the  normal  level  or 
ler,  buta  secund  injection  again  produces  a  similar  rise  iu  the  arterial 
^ion^  unless  the  first  was  large  enougli  to  paralyze  the  ganglia, 
rattially  nicotine  lowers  the  bhxrtl-jjrcssiire  owing  to  the  %veakening 
!ticm  on  the  heart. 

Sespiratioa.  —  The  respiration  is  at  firnt  rapid  and  shallow  with  some 
ficieuey  in  the  expiratory  moveineots,  but  after  a  time,  while  niaiu- 
pDingthe  aceeleratiou,  it  becomes  deeper.  It  is  liable  to  be  interrupted 
stage  by  tlie  eonvidsions,  liut  if  these  do  not  prove  fatal,  't 
dly  becomes  slower  whik"  remaining  deep.  Later»  pauses  in  the 
r^i^^ittcm  of  expiration  ap]>earj  and  the  movements  become  weaker  vnrtil 
^^)  disappear,  tlie  animal  <lying  of  asphyxia.  The  rapid,  shallow 
trn)vement6  in  the  beginning  of  the  intoxication  are  absent  in  animals 
"^  *liieb  the  pneiimogastric  nerves  have  been  previously  divided,  so 
'^"^Uliii^  phenomenon  appears  to  be  due  to  the  alkaloid  acting  as  an 
tnt  to  the  pulmonary  branches  of  the  pneumogastrie.  Tlie  later 
*t«fps  are  caused  by  its  acting  on  the  respiratory  centre  directly,  first 
^'niilating  and  then  paralyzing  it.  After  large  doses  this  direct  action 
^may  be  elicited.  The  parulysis  of  the  respiration  is  the  cause 
•th,  the  heart  continuing  to  beat  for  some  time  afterwards  al- 
•ngli  slowly  and  weakly. 
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Fig.  25. 


Most  of  the  Secreti<mB  are  increased  temporarily  by  nicotine, 
glands  investigated  have  generally  been  the  salivary,  where  it  is 
that  the  secretion  is  increased  by  the  injection  of  small  quantities, 

is  afterwards  depressed,   while 

doses  diminish   it  at  once.     The 

of  action  is  again  the  ganglionic 

pa  rat  us  on   the  secretory  nerves. 

the  chorda  tympani  be  htimulated 

the  normal  animal   a   large 

of    saliva  at   one    follows,    but  i 

sufficient   quantity  of  nicotine  be 

jected    no    such    effect     follows 

stimulation.     If,  however,   the  m 

fibres    be     stimulated     between 

ganglion    cells    and     the     gland  (li 

A'  in  Fig.  25),  the  secretion  again  fck 

lows  as  before.     On  the  other  han^ 

nicotine  increases  the  secretion  whetber 

the  chorda  be  intact  or  not,  but  ecaan 

to  act  if  the  connection  between  the 

ganglion  cells  and  the  gland  be  inter> 

rupted.     These  results  can  only  be  ia- 

terpreted  by  nicotine  first  stimulating 

and  then  paralyzing  the  ganglia  on  the 

course  of  the  chorda  tympani.     In  the 

same  way  it  first  stimulates  and  then 

paralyzes  the  ganglia  which  lie  in  the 

ct^urse    of    the    sympathetic    sahvaiy 

fibreif.       Pilocaq)ine    and    muscarine 

cause  profuse  salivation  after  nicotine, 

Inx'ause  they  stimulate  the  terminations 

of  the  nerves  in  the  gland  cells,  and  it 

is    t hereto rt»    immaterial   whether  the 

oonnootion  with    the  central    nervous 

system  lx»  iuterrupteil  or  not.     On  the 

other  hand,  the  n»flex  secretion  of  saliva 

normally  pnxluced  by  irritation  of  the 

mouth  or  by  chewing  is  prevented  by 

nioniiio.     Atropine  stops  the  secretion 

produced  by  nici^tine  by  paralyzing  the 

extfiMue  terminations  of  the  nerves. 

The  other  stvretory  glands  are  affec- 
totl  in  the  s;ime  way  by  nicotine,  and 
although  the  details  have  not  been 
Wi»rkoil  out  so  i»arefully  as  for  the  sali- 
vary glands,  there  i<  no  quesiioii  that  tlu*ir  secretions  are  first  in- 
crvaseil  by  the  stimulation  of  iho  ir-iuirliii  on  the  course  of  their 
secretory  nerves,  and  then  lessintnl  by  their  paralysis.      Thus  the 


Piacrani  ''f  tliviiin«frv;ition  of  ihv  <u>»- 
maxiliury  ijlaii'l.  /*.  u  iil>r^  ofthv  ohona 
tympani"  i>MJitig  Ipm  ilu-  |h.ii^  Vur.'iil 
uipl  atii-r  u  do^i«'i4>  oviUTM-  u  iiuiiiatiiic 
ar«>uiiil  a  i::iiik:ii>>:>  ivll  in  tbt-  hi!ii«  •>!'  tbo 
>ubiii:it.ill.iry  glaii'L  I  lit-  u\i>  inun  this 
i::in^:t<>n  tv!l  run*  t-i  tin-  M^T^.■t^•ry  »|ii- 
!lu-.;-.sin.  /.*.  utilTC  i'^.u:.*:  fr'nilhf  *}-;:iiI 
otU  a'.i'l  aUkt  riainuif  ihi->'U«:li  t}.«-  >j  in- 
|utlu-:ic  chuin  in  tlu*  nt-i  k.  tVrtui-.ijiiru* 
ar\>uti<i  a  tpiniili.'Uc-v.i  intho  s-jj  .ri'-r  »•  :- 
vK-ai  ^uUi:iiv>M  '..  Thv  aM>  fr-'Ui  thi"  «.*  . 
ruii>  u*  thi'  Mvn'titry  vpiiholinni  In  ::.r. 
diagram  the  i.t-rvf*  ar»»  n>|»r\>«"iu.i  .." 
running  t^»  --paratt*  aoini.  .V.  A  .  ^.i:  ^i- 
litui  ot '.'"  Mirr-'iti-lt-i  l-y  i!i.-  :»ri:i::.^- 
tii»n<  of  iho  iicr^r" — li...-  |».ii:  t*  j:  »::;..h 
H'.-'ft  aotv  V.  Iho  t«Tmi»ia:-.  ■■.->  ■■!  :..• 
sviTt'ttiry  tihiv-  v>»untvti*«l  »  :t*i  *...«  ^  h  ria 
lyuijvini— tbo  I'-iint'.  at  whi^h  •• 
mmfK-an  •*<,  aud  yi '  --lirt.:  ^j^  :&«  t. 
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itorfitan  is  foond  to  be  niarkedly  increased,  as  also  the 
leeretion  of  tlie  bronchial  mncous  glands.  Tlie  urine  and  bile  have 
liolbecti  *howu  to  be  afleeted  by  iiie4»tine,  and  m^  their  secretion  dtic^ 
ootieeni  to  lie  i:»o  dependent  ufw^n  nervous  influences,  it  is  jimlxiblc 
ibt  »l  is  but  little  chan;^e4l  in  aiuount. 

Xiccitine  jinKjuces  extreme  Nausea  and  Vomitmg  when  taken  even 
in  c^imparatively  small  quantiticii,  a  fact  which  is  tfonerally  recognized 
br  lynn  iu  smoking.  This  may  be  in  part  centnd  in  origin,  but  ia 
maialy  diie  to  the  powerful  contractions  of  the  stomach  walls.  This 
<»utRicHon  extends  tliroiighont  the  intestinal  tract,  su  thai  n'[>eated 
B?iimition  of  the  Bawel  occurs.  Eventually  a  tetaiiie  e<iritnietiiirt  nf 
the  whole  intestine  »ets  in,  the  In  men  being  mucli  narn>w^ed,  or  even 
€0tin4y  obliU'nittHlJ  During  this  tetanic  stage  thei-e  is  no  peristaltic 
movcmimt,  but  afterwanls  ihc  wave  ccmtraclions  set  in  again  in  nuicli 
<*X:r  ^  form.     The  mesenteric   vessels  are   nurrowed  during  the 

letii        ^        nl   m>   that   the  ImiwcI  is  pale  and  amemic,  hut  when   peri- 
stalsis n*commences  they  seem    more  congestcij   than  usual-     Salvioli 
haa  tihoirii  that  very  similar  effects  are  U*  be  observed  in   the  excised 
inif«^n<*  when  bhxwl  <MHitainiiig  nicotine  is  |ierfnscd  through  its  vessels, 
^*  that  till*  inereased   movements  are  due  to  aeticju   on    the   struetures 
*>f   the  w:%\\  of  the  bowi'L      Alropine  prevents  the  peristjdsis  eause*!  Iiy 
ttieotioe^  m  that  on  the  analogy  of  the  action  of  these  drugs  on  the 
****r'n'tor^*  ghinds   and   on   the  heart    it    seems  ]>rnbuljlc  that   nic<)tine 
■  *  tintdates  the  ganglionic  apfuirutus  in  the  wall  of  the  intestine*     The 
''^•mt  net  ion  of  the  vessels  may  be  due  to  action  on  the  ganglia  of  tlu^ 
'^^liac  plexus, 

SimiW  mo%'emeiit8  are  produced  by  niaitine  iu   the  bladder  and 

ti  of  which  are  thn»wn  into  tetauic  contraction.     The  urine 

exjielled  very  s^xin  after  the  inje4^tiou  of  nicotine,  and  tins 

V  gave  rise  to  the  ermuetius  view  that  the  renal  secretion  wiis 

Thr  iir^tiori  of  nicotine  on  the  PapU  varies  In  ditFerent  animals,  for 

le  in  the  cat  and  dog  its  application  cither  intravenously  or  locally 

u<«*!i  marked   but   transitory  dilation,  in    the    ralibit  partial  con- 

tin  g«t8  in  immediately^      In  c-ases  of  acute  poisoning  in  man  con- 

ts  geoerally  st*cn  at  first  and   is  followed   by  dihitation.      In 

nU  nscoune  caused  very  marke<l  cuutractirm  of  the  pu|>il,  apparently 

tjj  din!ct  action  on  the  muscles  of  t lie  iris.     The  size  of  the  pupil 

tinted  by  twro  ^^h  of  nerves,  the  niott»r  oeuli  and  the  sympathetic, 

the  eiliary  fibn*s  td'  Injth  of  ihme  are  interrupted  by  ganglia  in 

[toaaage  I'mm  the  bniin  to  the  iris,  those  of  the  motor  oculi  by  the 

riliary  i^niiglion,   those  of    the  sympathetic  by  the  superior  cervical 

(see   Fig.  26,  p.  2H7j ;  the   varying  cU'ects  of  nicotine  may 

to  iu  stimulating  the  one  ganglion  moix;  strongly  in  one  species 

*B»vtiiv  wid  Stmrltnt;  (Jmir,  ftf  Pbjs.,  xxiv.»  p,  138)  ot»«erved  mlijliittnn  of  the 

^tUmlmoK*' *    ;..  I- .   I  in  doj^  wh<»e  vajri  and  splanchnic  nerve?!  hml  W^vn  *!!- 

I  to  an  mt^^^e  Htinuilfiiioii  of  the  jK^ripheral  H[ibncUnii 
Ai  '1-    -----  1  i-iL  the  pneumo(;r>L^tric  tibre*  ceujse  to  Lave  any  coutrol  ovur 
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-  .  ri>'':;  after  absorptios. 

.    jtLtcner.     It  is  found,  however,  th^t  atn 

-    Ss-t*  of  nicotine  on  the  rabbit's  eye,whi( 

..i*^   -u  jcrion  on  the  muscular  fibres  of  the  iri 

.  _-     ^    at  '.irbital  muscles  are  seen  ;   thus  in  en 

.-...  ;^  itjubraue  is  withdrawn,  the  eye  open*  and 

..-^     -:.c    J  "Jie  rabbit  these  symptoms  are  preceded  b 

-   .  !viLRidng  membrane  is  spread  over  the  conn 

^.s.-    i'-««^L     These  are  probably  produced  by  actio 

. .  *  f;aA  jinglion. 

^.    :>«i  simulates  and  later  paralyzes  all  the  Synpi 

-       ^     ^^»:st:r  .ipplieil  locally  to  them  or  injected  into  ihecii 

:iK«  .::imrli^*  the  characteristic  formation  is  the  baskei 

^..^.-^     i  :ae  terminations  of  the  entering  nerve,  whic 

^^-jp.   wr%'e  cell  from  which  an  axis  cylinder  runs  totl 

^^;.r^oi-*  -vll.     A  nerve  impulse  from  the  central  nervoi 

,5^^  -^-ifi  -.he  basket  to  the  cell  and  thenar  to  the  i)eripher 

^^  r^.sr'Uiv  shown  that  small  quantities  of  nicotine  stiroula 

^  1^    nrphenil  neuron,  for  the  sjmie  effect  is  obtained  fn 

-w-'U  »i'  :he  jwison  to  the  gimglion  whether  the  l)asket-li 

j^.'  ..>  >»a»d  the  cell  are  normal  or  have  degenerati»<l.     T! 

"^  ^       H>»c»iOie  that  the  paralysis  of  the  ganglia  observed  fr» 

..*a..t:u*>  of  nicotine  is  also  due  to  action  on  the  cell  and  not 

,     .^    r»^  uiootine  produces  fibrillary  contraction  of  the  muse! 

;  ^  K»*  yrt venteil  by  previous  division  of  the  nerves  leading 

I  ,,   'u^.  iisapfHwrs  on  the  injection  of  curara.     The  phenomenoi 

^..i*    iKtei^t'udent  of  the  central  nervous  system  ;  and  it  is  not  p 

'  ,  w  *•  •iiiisoular  chang<»s,  for  in  this  c^ise  it  would  ]>ersist  after  c 

c   iciM  ^vusoquently  l)c  due  to  stimulation  of  the  terminations 

w^***»i'  'KTV^**.     These  terminations  are  subsequently  paralyzed 

us:ki:v  ini^vtinl  be  large  enough.      In  mammals  the  twitching 

^uM.-iv's  i"*  ptt*vonted  by  section  of  the  nerves,  and  is,  therefore,  < 

iivrnl  docivui,  but  larger  quantities  of  nicotine  cause  paralysis  of 

%  '    iivls  exaotlv  like  curara.     The  nerves  of  the  orbital  muscles 

ikkk  '^^  Ih*  i>aniIvziMl  stMmer  than  those  of  the  r(?st  of  the  Ixnly. 

'""'^.^^i^j^i^.   d^H'^'not    siH?m    to   act   on   Muscular  Tissue  in  gene: 

•iKKich  s^»nio  ol>scun»  symptoms  have  been  ascril>ed  to  changes  in 

1**iu^'  aikI  iri'*  m"^*'lt*-  , 

*>K'  s\Hivulsions  sivn  in  l>oth  col<l-  and  warm-blooded  animals  e 
*  iKV  I  ho  intluonw  of  nicotine  on  the  Central  Nervous  System.     T 

•Kil  ^vnl  i*  thrown  into  a  condition  of  exaggerate<l  irritability,  i 
K-  :x*ttv\es  ar\*  i»orn»spondingly  inen»ased,  but  the  convulsions  do 

su  u»  U*  due  so  niueli  to  the  spinal  cord  as  to  the  me<lulla  oblong 
4iKl  hii^l  bniin,  for  they  are  not  tonic  but  clonic  in  character,  and 
u*K»h  wi'aker  after  division  of  the  cord  immediately  l)elow  the  medi 
.i\tt  i«  the  intact  animal.  Thr  medullary  stimulation  also  l)etr 
:^'lf  i«  the  rapltl  and  di»ep  resi>iration,  and  is  ])erhaps  in  part  resp 
'^lue  for  the  inhibitory  slowing  of  the  heart  and  the  rise  in  the  bio 
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lie.     The  higher  centres  in  the  brain  seem  to  partieipafce  but 

in  the  BtimuiaDt   action  of  nimtine,  wijich   is  short-liviHl,  and 

gives  way  to  marked  depression  of  tlie  whole  central   nervous 

maoifested  in  the  slow  respiration,  the  low  blood-pressure,  tlie 

ace  of  the  reflex  naovenients  and  tlie  final  nnetinseiousnes*^. 

Bxcretioii  of  nicotine   i>   probably  carried   on    mainly  by  the 

for  it  is  found  in  the  urine  very  noon  after  it  enters  the  blood. 

1  ftbo  been  detected  in  the  saliva  and  perspiration.      It  has  been 

repeatedly  that  nicotine  antl  some  other  alkaloids  are  weakened 

Dxic  effect  or  rendered  entirely  inactive  by  being  mixed  with  an 

,  of  the  liver  or  of  the  suprarenal  capsules ;  but  no  satisfactory 

itiop  is  forthcoming,  thoujtijh  tliere  Ls  every  reason  to  Bui>pose 

;  much  of  the  n  ion  tine  alisorbed  from  the  stomach  and  intestine  is 

I  modified  in  its  passage  throut^h  the  liver. 

rben  small  quantities  of  nicotine  are  injected  repeatedly,  the  body 
gains  a  certain  Tolerance,  and  n^)  symptoms  whatever  are  }>ro- 
by  doses  which  would  in  ordinary  eases  produce  grave  poison- 
A  familiar  example  of  this  tolerance  is  seen  in  the  practice  of 
dug.  The  first  use  of  tobacco  is  in  the  great  maji>rity  of  indi- 
1^  folio \ved  by  vomiting  and  depression  which  may  even  amount 
Dllapse,  but  after  a  few  experiences  no  symptoms  fnllow  smoking^ 
iig  to  the  cells  of  the  body  Ix^oi^ming  tt»lerant  of  the  poison.  In 
iodividuab  oo  such  tolerance  is  dev"elojM?d,  however,  and  each  at- 
pt  to  acquire  the  art  of  smoking  or  chewing  tobacco  is  followed  by 
ttme  symptoms.  In  animal  ux  peri  meats  it  is  often  found  that 
one  applicatioo  of  nicotine  produces  considerable  ganglionic 
RoktioQ,  the  second  has  niueh  less  effect.  This  is  pnilKibly  due 
to  the  establishment  of  tolerance,  but  to  the  first  dose  having 
primary  stimulati<m  and  then  depression  of  the  gtmglia,  this 
sion,  while  not  amounting  to  comj^letc  paralysis,  bring  sufficient 
jTcounteract  to  some  extent  the  stimulant  action  of  the  sec<*nd  injection* 
'  laffisclof  an  entirely  different  character  has  been  found  to  follow 
application  of  large  doses*  If  a  quuntity  just  suTaller 
the  lethal  one  be  injected  into  an  animal,  and  two  or  three 
after  its  recovery  a  second  injection  of  the  same  amount  be 
J(%  death  will  follow,  but  some  of  the  symptoms,  such  as  the  cou- 
oas,  may  be  entirely  absent.  The  reason  for  tlie  fatal  effect  is 
mevtfl  to  be  the  lasting  depression  of  the  heart  in  the  frog,  and  of 
ma»piratory  centre  in  mammals.  The  absence  of  the  CAmvulsive 
\  is  said  by  von  Anrep  to  be  due  to  a  similar  depression  of  the 
l?T»T  matter  of  the  spinal  cord  and  medulla.  Large  quantities  of  nico- 
*meare,  ihert*fore,  cumulative  in  their  actionj  while  smaller  ipiantities 
W  t*i  )i  condition  of  tolenmce, 
^'ioitine  and  Piturine  are  not  used  in  therapeutics.  Tohacco  n^as 
*^rly  employed  in  the  reduction  of  intestinal  hernia,  antl  fur  this 
urpfi^  was  injected  into  the  rectum  in  the  form  of  an  infusion.  Sev- 
1  case*  i\{  poisoning  and  the  introduction  of  general  aniBsthesia  led 
^  its  diause. 


i 


276  OIIGASIC  DRUGS  ACTISG  AFTER  ABSOHPTION, 

Tobacco. 

Tobacco  had  been  in   ii:^c  amont^  tlic  ahorigiiial  tribes  of 
l>cfore  tbcy  be«ime  known   to  civil iziitioo.      It  was  introduce* 
Eunrpe  soon  nftcr  tbe  discNjverv  (»f  America,  and  it.s  use  as  an 
of  luxury,  he^innin|j;  in  Enj^land,  scmhi  ftpi*(*ad  tn  the  continent, 
^pite  of  pa|)ul   bulls  and  nnuuTous  etfort^  on  tbe  jKirt  of  tbe 
aiithnrities,   lia.s   contiuue^l   to  enthral  ii   considerable   purtiun  ol 
human  race.     Tbe  nio^t  wi*U;sprcud  u^e  of  tobacco ^ — smoking — u 
the  raost  ancient  one,   having   been   that  of  the  iiboriginal   Iu( 
Snufl'-takinyj,  introduced  l)v  Francis  II.  of  Fnuice,  retuainetl  fasl 
able   for  a  hiug  time,  but  is  luvw  almost  obsolete.      Tobacco-chi 
is  VL  more   modern   development,  but  shows  no  signs  of  abate 
Curiously  enough,  the  leaves  of  the  pituri  plant,  wliicb,  as  has 
mentioned,  contain  an  alkaloid  netirly  allied  to  nicotine,  are  foi 
into  a  mass  and   die  wed   l>y  the  natives  of  Australia.      In  smol 
snutlin^i^  or  chewing,  nicotine  is  alisorbed.      It  bus  been  stated  an4| 
stutcraent  iias  received  an  undeservedly  wide  etrculution,  that  tol 
smoke  contains  no  nicotine  btit  merely  the  products  of  its  decomi 
tion ;  but  as  a  matter  of  fact,  tobaeeo  smoke,  whether  from  cigars 
pipes,  contains  a  certain  amount  of  the  alkaloid  itself,  along  with 
dine  and  many  of  its  compounds.     The  amount  of  nicotine  lo  tol 
smoke  ttannot  be  definitely  state{l,  as  it  dejxMids  on  the  kind  of  tol 
as  well  as  on  the  way  in  which  it  is  inlialed  ;  but  only  a  sntall  pn 
tion  of  that  contained  in   tobacco  passes  over  in  tbe  smoke.      In 
the  nicotine  is  generally  small   in  amount,  while  in  chewing  tol 
tiiere  is  generally  a  varying  amount  of  fureign  matter,  such  as  mol 
Tbe  enjoyment  derived  from  the  use  of  tobacco  has  never 
plained,  and  it  is  not  even  proved  that  nicotine  is  essential  to 
ph  asurabic   results  ;   consideration  of  tbe   pharuuicological   effects 
nicotiue  gives  no  eltjc,  fur  these  are  of  tlie  opposite  nature.     It 
been  suggested  that  stuoking  gives  rei>ose  and  thereby  improves  i 
leetual  work,  but  this  is  denied  by  many  habitual  smokers.     It 
also  been  stated  and  denied  that  tbe  mental  energy  is  reduced  by 
use  of  tf>baceo,  and  an  attempt  has  been  made  to  demonstrate  thiS) 
measuring  the  amount  of  work  dtnie  with  and  witliout  tobacco; 
investigators  are  not  agreed  on  t!ie  results,  wbicb  probably  de] 
hirgely  upon  the  individual.     One  fact  is  certain,  that  the  tobacco 
cannot  be  eomjvared  with  the  use  of  such  drugs  as  morphine,  cucaii 
or  alcohol,  for  it  is  m>t  taken  with  the  purp(Kseof  pmducing  stimtilaiioo 
or  depression  of  the  central   nervous  system,  and   it  seems  douhtfiil 
whether  tlu^  nicotine  ordinarily  absorbed  really  has  any  actimi  wliuls*** 
ever.     Perhaps  t!ie  local  effects  on  the  mouth,  nose  and  throat  plav  * 
larger  part  in  the  effects  of  tobacco  tb;m  is  generally  recognized.    A 
certain  amount  of  rhythmic  movement  demarnling  no  exertion  8i'eDB^ 
in  itself  to  have  a  soothing,  pleasure*giving  effli^^ct,  for  it  is  otherwi*^^ 
impossible  to  explain  the  satisfaction  enjoyed  by  many  in  ehevntt« 
tasteless  objects,  such  as  gum  or  straw^s,     A  curious  lact  which  tcud-^ 
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that  tobacco  smokiag  is  not  oarricd  on  for  the  wike  of  the 
ab:i<»rl>ed  is  that  the  pletisiire  dcrivetj  frotu  a  ]>i|R*  or  ci^nr  is 
for  many  persons  if  the  smoke  is  not  seen,  as  whrii  it  is 
ID  tlie  dark. 

people  may  indulge  in  the  moderate  use  of  tobacco  for  many 
ith  perfect  impunity,  hut  its  excessive  ui^e  is  fnllowed  in  many 
iuaU  by  a  number  of  gymptoms,  some  of  them  trivial,  others 
J  Hi?  grave  changes  in  important  or^ms. 

lof  the  commonest  effects  of  overindulgence  in  tobacco  is  a  chronic 

yn  of  the  throat  and  upper  parts  of  the  re^^pinitory  passages, 

hixirseness  and  excessive  eeerctiou  of  the  niiicims  j^jhmds* 

^laiotnl  by  the  (^mstant  application  to  the  throat  uf  an  irri- 

Jkaline  vapor,  and  is  probably  not  due  to  the  spccitic  action  of 

lew     A  j-iniihir  irritated  condition  of  the  tongue  is  frequently  met 

[lar^re  especially  when  the  hot  vapor  is  directed  esfjeeially  on  one 

IS  in  pipe  smokin;^,  and  it  is  sometimes  stitted  that  the  constant 

Doo  thiB  produced  render-*  the  tongue  ami  lijt  more  lial)le  to  cau- 

disc!i*e.      Dyspepsia,  want  of  apjx'tite^  and  consequent  loss  of 

[may  al^o  be  explained  by  the  local   irritation  pri>dueed  by  the 

Be  swaUt>wed  in  the  saliva.     A  comnmii   result  of  the  abuse  of 

is  palpitation  and  irrogidarity  of  the  heart,  which   has  as  yet 

r«l  oo  explanation.     Another  important  symptom  is  dimness  of 

,  especially  fof  colors,  and  imperfect  accomra^idation  of  the  lens 

inee,  which  may  go  on  to  complete  Idindness  in  one  or  both 

In  early  cases  the  retina  often  apjM^ars  pakvj  and  if  the  condition 

^atropliy  of  the  optic  nerve  may  result^  prol>aldy  liillowingon 

Itive  chaDgej5  in  the  ganglion  cells  of  the  macular  region  of  the 

The  hearing  is  said  to  be  affected  by  excessive  smoking,  but 

i-  are  indistinct  aufl  variable.      Nervous  symptoms  such  as 

_::e ration  of  the  retlexe^,  headache  and  giddiness  are  some- 

ttes  developed  in  workmen  in  tobacco  factories,  but  they  do  not  seem 

beinducc<l  by  sm'»king  or  chewing  tobaceo,  though  depression,  muscu- 

f  wmkness  an<l  giddiness  are  sometimes  complnined  of.     In  the  great 

■ityof  cases  of  clm>uic  tobacco  poisoning,  the  symptoms  disap|>ear 

iW^loning  tlie  habit,  or  even  on  restricting  the  daily  cousunip- 

A  series  of  subjective  and  even  objective  sym]>toms  are  said  to 

iiluced  in  neurotic  subjects  by  tlie  sudden  withdrawal  of  tol>aeco. 

he  prolonged  administration  of  nicotine  to  animals  does  not  seem 

i^nlnce  symptoms  analogous  to  those  seen  in  man.      Vas  fiiimd  in 

biu  subjected  to  daily  injections  of  nicotine  for  several   weeks  a 

5ft«t  ttiiliiction  of  the  red  bloml  cells  along  with  a  smaller  increase  in 

toe  leucocytes.     The  animals  lost  in  weight,  and  changes  were  found  in 

W»o  nerve  oells  of  the  spinal  cord  and  sympathetic  ganglia  similar  to 

•  described  under  chronic  alcoholic  poisoning. 

BlBUCKJUAPtrV. 

f  Bickinarm.    (Journal  of  Physiology,  li.,  p.  205),  give  all  the  more  im- 
etital  Uteratun?  up  to  18<J0, 
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^XFies. — Lobelia  wan  formerly  used  as  an  emetic,  but  \^  exceed- 
f  <|epre08atit  and  unreliable,  and  iT  vomiting;  does  not  aceur  is  liable  to 
^nac  la  iha  mfi^t  alarming  symptoms  of  poi.*inning»  The  only  condition 
I  it  is^  now  usied  at  all  is  in  *'  dy«pna?a  and  asthma  of  nervous  on^riUt*' 
Jf,  ia  mse^  of  ai^thiua  in  which  no  organic  lesion  ciiu  be  discovered^  and 
fbich  are  therefore  by  a  dangeroui*  inference  supposed  lo  be  due  to  contriM*- 
\  of  the  bronchial  nniiscle^,  It^  action  certainly  supports  this  use  of  the 
it^  bul  |>erha|>s  it  aiils  in  thewe  condition]^  m  much  by  the  increased  se- 
?Ck)a  of  the  mucons  membranes  owing  to  the  nausea  as  through  it^  action 
I  ibe  oi«»lor  nervea  of  the  bronchial  muscles.  Its  etTects  must  be  carefully 
Vrsitthed,  u^  the  |>reparaiiou8  i^eeui  lo  vary  in  strength,  und  numerous  alarm- 
lint?  *s mTttiitns  and  even  fatal  results  have  followed  its  uae. 
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Xm.     THE   A.TR.nFTNfc  SERIES. 

Tilt  atropine  scries  contains  a  number  of  very  closely  allied  vlWlvl' 

i*^i*U^  of  which  the  chief  are  Atropii**,  Ht^tji^ifamlnv  and  HitoMrhte  or 
'^  'tijJittninr^  They  are  found  iii  sevonil  plants  id'  the  r^lflfiafyflp  i^f^'^^r^ 
^^d  in  mmt  oases  several  at"  them  oc43ur  together 

Almpinr  nmy  be  broken  up  by  the  actioo  of  alkalies  into  an  ulka- 

}'kui^So%if,tina^  mill  T*t^f*if*  A*^f,     The  former  is  al>vridine  oonip\Kind 

■  ^  airie<l  tn  }Cr/fot}(ti£  (see  cocaine)  a.s  may  l>e  seen   by  its 

H^  _^    iurmula,  while  the  latter  is  an  aromatic  acid, 

"     Hyoec 


Atropine. 


Tmpic  acid  ndlcl«. 


Troplne  mdide. 
CtI,-CH CH^ 

N(CHj)  CHO- CO  — CII  —  C^ 

CH,-CH Cir  ai  OH 


Hyoecjramine may  be  decomposed  in  the  same  way,  and  into  tlie  same 
two  coiUititiients  und  appears  not  tmly  to  be  isomeric  with  atropine  in 
llie  ''  A-  sem^e,  but  to  dtfler  from  it  only  in  the  physieal  arrange- 
Qirri  tropine  antl  tropic  acid  radiclts.     This  slight  difference  is, 

however,  sufficient  to  alter  its  activ>u  S4>mewliat,  The  vlme  relationshi|» 
nibftisting  between  ati\»pine  and  hyoscyamine  is  further  shown  by  thr 
fiMit  that  the  hitter  C4in  be  very  easily  chanjjeil  to  atropine,  and  in  fact, 
ii  so  ohanged  by  many  of  the  onlinary  nietliods  of  extraction, 

Seopotaminr  (hyoscine)  was  formerly  supponetl  to  l>e  another  isomer 
of  sJmpine,  but  has  lately  been  shown  to  difter  slightly  in  its  formula, 
wbich  is  C,^H,^NO^.      It  is  very  closely  allied  to  atropine,  and  is  de*J 
COnposcd  into  tropic  iici<l  and  Nco|W/»<f  (Oscine),  wlneli  wiis  ftirrnerlyj 
Stipposetl  U>  in*  isomeric  with  tropine,  but  has  Ix'cn  shown  to  ditlei 
il  in  the*  number  of  hydrogen  and  oxygen  atoms. 
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ORGANIC  DRUGS  ACTING  AFTER  ABSORPTION. 


A  number  of  other  alkaloids  have  been  described  in  different  pi 
generally  assDciult'd  with  oue  t>r  more  of  those  already  nreutioned. 
is   often   doubtful,   however,  wlicther   they   are   really  new  alli 
or  whether   they  are   not   merely  mixtures  of  atropine,   Ijyo^cva 
ami  hyoseiue.     Tlirir   fornmhe  are  generally  said  to  lie  the  san 
that  of  atropine,  and  the  ditlcrences  between   them  are  often  ^  sU 
as  tL>  suggest  that  a  mixture  of  two  alkaloids  has  been  the  subje 
examinalion.     Thus,   an  alkaloid,   DnhomHt\   him   been   dei^eril 
DiilM)isiii   myo|Kiroides,  Viut  has  Ix^en  shown  to  ronsint  at  one  \mA 
seopolamiue,  at  another  of  hyo.seyamine  ac<x>rdinj[^  to  tlie  etmditioq 
the  plant  and  the  variety  examined.     Mamhiigannt',  iiniud  m 
<lra<r<>ni  {Mandrake)  appears  to  be  closely  allied  to  atropine,  altha 
it  lia,s  not  l>eeii  suhjeeted  to  careful  analysis  as  yet,      Daturlne^ 
was  formerly  believed  to  be  a  new  alkaloid,  is  now^  stated  tobeatro 
or  a  mixture  of  atropine  and  liyoseyamine.     Atropamijic^  a  newaJkn 
fouuil    l>y  Hesse  iu  some  sjwcies  of  Belladonna,  ditlbrs   slightlyl 
formula  from  atropine,  from  which  it  may  he  formed  by  the  a])|»h 
tion    of  heat ;  it   is   deeoniposed    into  a  snbstanee  whieh  Is   y^Mm 
with  twpim'j  but  whieh  ditler^  from  it  in  some  resjR'cts  and  whieh  1 
l>een  chilled  ^i-(ropliu\      Atropamine  is  isomeric  but  not  identical 
IkUadonnm*^  wliieh  is  a  eon)pound  of  yet  another  isomer  of  H*op 
Miairoptnf\     p}<endo'hi/tm^tfamitie  is  said  to  differ  from  atropine 
byosoy amine  In  some  of  its  chemical   relations,  but    has  not    lK*eti 
subje<_-t  of  much  work  as  yet.     Atrosritw  is  i.*omeric  with  sco|X)lai] 
and  thu  same  relation  appeal^  to  exist  between  theni  as  between  j 
pine  and  hyoscyaruine. 

After  atropine   liad   Ijeen  found  to  be  a  compound   of  tropine  ( 
trniii*'  at'id,  a  nund>er  of  other  acids   were  attached   to  tropine  iu 
same  way  as  tropic  acid.     These  artificial  alkaloids  are  known  as  ' 
pchw^,  and  in  action  resemble  atropine  in  some  points  while  diffeii 
from  it  in  others.     Further  study  of  the  action  of  these   tro[>cines| 
exceedingly   desirable,  aud   promises  to   be  of  consiilerahle   value 
practical  therapeutics.     The  only  artificial  tropeine  which  has  as 
been  used  in  medicine  is  the  compound  of  tmpeiue  and  oxytoluic  i 
knuwn  as  Ilomafropine,      St'opoianef^  have  been  funned  bv  suhstitntii 
other  aciils  for  the  tropic  acid  of  scopolamine,  but  none  of  them 
proved  of  value  iu  thera  pen  tics  as  yet. 

It  must  be  understood  that  the  combination  of  tropine  and  its  all! 
with  tmjiic  acid  does  not  partake  in  any  w*ay  of  the  nature  of  the  coii 
bination  of  an  ordinary  alkaloid,  such  as  morphine,  Avith  an  acid, 
bond  is  the  much  closer  one  seen  in  the  com|)ound  ethers,  and 
resultiup:  substance  is  alkaline  aud  combines  with  acids  to  form  si 
exactly  as  other  alkaloids  do. 

The  chief  plants  containing  these  alkaloids  are  the  follovringt 
Atrnj>a  Belladonjia  fDeaclJv  jiightshadel  f^ontniniTi^  atropine  Dialiily* 
but  also  varying^  ijuautitics  of  hyoseyamiue^  scopolauilne  and  sonietimt^ 
of  atropamine  aud  belladonnine. 
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HvosnTimns  n?ger  (Honljune),  containing  hi/mnf amine  and  scopoht- 
'  «rith  j*mMllcT  <iiitUititit'8  of  atrnpine. 

faum  Stranionium  (Tliornapple)^  cootaining  fifrnjiqip^  ht/<m^i^amine 
rsomc  »co|KiJaminc. 

TOf  ]esi«  importance  are  : 

I  iNilz-iL-^iti  inyoporoick'H,  oontaiuing  scopolamiDe  or  hyoscyamine,  together 
I  ji»eurif>byo!^cyatnine  ami  i»ther  alkaloids.  Another  species  of  Dul>oisla 
jiiiL'i  pit  urine,  on  alkaluifl  TK'iirly  allietl  to  nieotiae, 

ilia  atrnpiiitlc'^,  r**nta'miug  hyoHcyatuiiie  and  scopolaraiue  and  ]J€rhaps 
iiititieft  tif  atropine, 

I  autumnalU.  or  Atrupa  niandrairoru  (MaiHlnike),  eont*iiniog, 
ij;  ,  which  is  perhaps  a   tuixlure  of  .several  of  tht'  l»etter  knowtt  ' 

llLlliiL'l-- 

A  ntrmlicr  of  iither  Solanaceje— *?,  </.,  tobacco  and  potato  leaves,  are  »aid 
tft  rorjfiiin  small  qnanUtie«s  of  one  or  other  of  thesi*  alkaloid**  Ijot  the 
<)tt.imuv  jire-^ent  here  is  too  small  to  be  of  any  important-e.  A  ptomaine 
h'  liecompiJsition  of  tish  and  meat  and  known  as  ptomutropine 

tl  -yniptom:j  closely  resembling  those  of  uti'opine  poison ing,  but 

}  Uiii  i>«:*'u  Isolated  aa  yet. 

Tbe^  alkalribl^  all  rp^enihb?  eiicli  ntber  ebisply  in  tlie  etfV'et^  pro- 
Juoed  by  ihem  in  atiiinals.  Some  difrcrcnces  in  the  symptoms  exist, 
however,  and  the  action  of  atropine  alone  will  first  be  described  and 
•  the  poioti^  in  which  that  of  hyoscyaminc  and  of  8coj>olamino  difftT 
I  it. 
Atn*|itno  acts  a^  a  t^liniolnnt  t*^  i]y^  oi*iitnil  norvnn^^  ^yftfnoi  tunl 
a[v/<^  th<^  tcnipMUt"*''^"^''*  lUH"j*<'i'  of  nrrve^^  rnor<.'  t.'>pcf  tully  iliii^ 

—  In  man  and  tin' luti;her  animals  small  toxic  doses  c^use 

of  the  i»kin   and   tliro;it^  tbi^^jt.   difficulty  in   j^ wallowing   and 

k^^isriiess  io   8j>eaking.     There   is  oftejwjmiscii  and    in  .some   case?* 

^i|}|ify-  hrjdp'^'hi^  Mprl   mddinejis  ;  the  piij)i!s  are  vvider  than  normal 

"  '  ihe  siirht  m:>y  he  indistinct.  espe<:*iM fly li pF near  olyeets.     The  rcs- 

puL^^  ^ire  tpiiA'Linotlj  or  the  latter  may  at  first  he  Boine- 

rhat  silowedT     A  symptom  that  is  often  present,  tliongh   hy  no  means 

lt}%*3iriably  so,  is  ^p^J"iM,-^  iff  *bll?^ki"»  more  especially  of  the  heat!  and 

)ieek;  the  conjunctiva  may  alsoljc    njiigested.     After   larger  doses 

the  flami*  symptoms  are  observed,  but  are  siH>n  folio wch!   hy  tdliers  of 

gmver  import.      The  patient  can  poJi>ni3;er  swallmv,  although  sull'ering 

jfhfim   inionz^^  thirst,  tlie   heart  is  genera  1 1  >*  ex  t  retnely  rapid,  speeh  is 

llfficult  nod  lioursCf  and  the  pupils  are  dilated  nntil  the  iris  almost  dis- 

|)|>ears.      Retitlefii^ness  and  garrtdity  point  to  an  inerease  in   the  irri- 

•hility  of  the  bmin  ;  the  patient  at  first   talks  in  a  perfectly  normal 

r*iv  b«t  y(Hm  beeooies  Ciinfnsed,  l>egins  a  sentence  and  drn's  not  tinish 

often   bursts  into  laughter  or  tears,  and  in  short  beconies  delirious 

e\*f?fitiially  nianiacaL     Oflen  marktHl  tremor  of  different  muscles 

be  observeil,  and  eventually  fX>nvulsions   set   in  and  may  lx»  the 

of  death   through   the  failure  of  the  respiration.     As  a  general 

file,  however,  the  stage  of  excitement    passi's  int*)  one  of  depression, 

Jie  patient  sinkn  into  a  sleep,  which   dccjKMis  into  stu|K>r  and  coma, 


tke  iggptritioa  and  keait  bceoig  dov^^  weak  sod  Jfregalar,  and  deatk 

b  the  fivg  the  iycfioo  of  anall  i|Bititifn  of  «faT»pine  is  followed  If 
mtHagBotmrnmiFd  weBrnxemtathOhj^^Maedj  tcaemhlmz  t^i^it  seen  undci 
ilf3nehaiBc.     It  is  gcoenU j  of  short  dantiMi,  ho^^  i  i  is  foUowec 

hf  M  itnee  ia  iriucb  the  fiog  lies  motiookaa  nd  •  react  to  stim* 

in  aaj  way.     After  a  lariaUe  tioK,  sl^i  a  few  bouraJ 

aereial  daja,  a  retimi  cif  the  int  sjnpliim  ocxxiiig,  the  reflea| 
exa^emted  and  the  loaic  coe^Blaionii  described  unda 
being  geaeiallj  dr^elopcd.     Tlus  ati^  dowljr  passes  o| 
the  aatmal  again  beoooitt  nonnaL 

etiaB.  —  Tht^  ^nipCcMns  both  in  mamtnalg  and  amphibians  indi 
atUDnlatioa  of  the  Ovteal  giitiaai  fljiUiM  feDowed  by  depre^ion 
Tboae  obaerved  is  niaa  sKMnetiines  resemble  those  ^een  in  the  excite 
BieDl  stage  of  aloobolie  potsooingf  and  it  has  been  suggested  that  ii 
both  the  cause  is  laiber  a  leaseiiiiig  af  the  oootrol  normally  exerciser 
by  the  higher  powers  over  the  hmcr  motor  areas  than  a  true  stimula 
tiofi  of  the  latter.  But  this  i^  §bown  to  be  tncarrect  by  the  fae 
that  in  atropine  pobooiDg  the  motor  area  is  more  easily  sttmolatd 
by  the  eleetric  eurrent  than  normally.  The  stimulant  action  of  atio 
pine  IS  aUo  seen  in  the  increased  reflex  response  to  irritation  of  thi 
ddn^aa  wdl  as  in  the  angmenled  activity  of  the  centres  in  the  medulla 
The  nenroiis  ^ympt^>mj  und*^^-  atr^H"^>  therefore,  arige  from  true  stiip^ 
tthtimi  of  the  peptrai  nervour^stem,  but  tbev"are  wiioiiy^dipereii 
finqfq  |hoge  proJndecl  li^jtrychnine^  1>ecau>^*  the  latter  acts  more  espe 
Ally  90  the  loWl^f  |xiHs  of  the  nervoug__axi^,  while  atropine  acts  n^^ri 
S^Tonylv  on  the  lugner  ji^ivisiaiji^  The  aaiist  marked  symptoms  of 
str}*chnine  poisoning  arise  from  tl>e  spinal  cord  and  medulla  oblongata 
and  consist  111  incrt^sed  reflex  movements  and  convidsions,  whihl 
those  caused  by  atrQ|iine  aiy  n^th«>f  tf^  ^  rpfprred  to  the  brain,  anc 
copwl-t  in  increased  ojordinated  moyfm*'"*^!  such  as  talking  anc 
Heliritim^  the  exagpjerated  reflex  being  of  minor  importance.  In  th€ 
frog  the  same  effects  are  produced  by  each,  b^use  the  highei 
partu  of  the  central  nervous  system  being  less  developed  than  in  the 
mammah;  the  first  symptoms  produced  are  those  arising  from  the  cord, 
Atn/[Mnejdiff*T>  from  atffeine,  on  the  other  hand,  in  its  effect  on  thfl 
brain,  for  under  the  Jatter  the  psychical  functions  are  those  aflected 
fir»*t  of  all  It  would  seem  probable,  then,  that  each  of  these  threa 
Mimidates  the  wliole  of  the  central  nervous  system  more  or  less,  but 
that  while  strvrhnine  acts  more  stron^'lv  m]  thp  Lny^^r  ^jyi^iq^^^  tha!^ 
Hpifud  ^^>rd  and_mechiljay  and  caffeine  on  the  highest  functions^  tiio 
pMychu'jil,  atropinr*  occa[»ies  a  mjdwaT  |>Q^itlonf  %p(\  py&rf>i>^>;  its  chi^fi 
iif'^jon  un  t^  n\i^iif_ili\\>]ou^jii'  the  l>rain.  These  are  rendered  so  ex-j 
citabh^tliat  the  e*^jntrolling  areas  can  no  longer  keep  them  in  check,  and, 
an  increase  in  movement  occurs  somewhat  resembling  that  seen  when! 
the  contmlling  areas  are  paralyzed  by  alcohol.  The  stimulant  action 
spreadf)  downwards  when  lai^e  quantities  have  been  absorbed,  and 
involves  the  medulla  oblongata   and  spinal  cord,  so   that  symptom^ 
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ibliog   those  seen   in  stn'chnine  j)oisoniiig  may  raake  their  ap- 
After  the  stimulation  lias  lasted  s<_>iiie  tinie,  depression  &et» 
may  go  on  to  compiet42  paralysis  of  tlie  ceninil  uervous  system, 
is  fatiil  to  mammals  thr<:>ugh  res^aiition  of  the  rcspi ration ,  but  in 
phthia  the  paralysis  may  pass  off  after  some  time  as  the  poison 
d,  and  the  stag<_*  of  stimulation  is  renewed.     Even  during  the 
iolaiiou  stoj^e  some  symptoms  of  depression  are  to  be  made  out, 
us  has  been  desenlxnl  under  strychnine. 

|i.*f4plii>rfil    fir>fw^Ti    ..P  ^frnptnP    iiivolvei^  a  nnmh^^p  nf    sPPrPti^ry 

U^\\h'  inYniT'^  cviiitaining^  unstri[>ed  mnseular  tissue  and  ttie  heii/t. 

of  tiie  Secretioas  are  d^^CH'-'^"^*^  hy  the  applieation  uf  atropine 

_      nmc»j us,   rn i li<_an d  s weiit .     This  is  rlupjiiiti  t*>  imyji^tjmi 

the  secretiirv  felk^  but  to  paralysis  of  some  of  the  nerve  ends. 

has  been   investigated  most  carefully  in   the  salivary  glands,  b'ut 

work   has  been  done  on   the  others  to  show  that  the  process 

in  all.     The  Hecrellon  of  nuUva  \n  the  normal  animal  seems 

only  when  impulses  reach  the  gland  eel  Is  by  one  uf  two  pat  [is 

rou^h  the  chorda  tympani,   or  through   the   eervieal  sympathetic 

If  the  chorda  tympani  be  divided  and  put  on  elect nxles  and  a 

ila  be  passed   into  Wharton's  duct,  a  Kipid  flow  occurs  through  it 

'  Hon  of  the  nerve,  which  ceases  or  is  very  nnicli  diminishetl 

1  the  stimuhation.     If  now  atropine  be  injected,  stimulation 

no  increase  in   the  secretifm   and  atropine,  therefore,  seems  to 

jrjee   some    part   of    the    peripheral    secretory    apparatus.       Tlie 

ird»  tympani   passes  througli  ganglion  cells  on  its  way  to  the  gland 

and  the  impulses  might   be  liindere<i  in   their  pitssage  tlimugh 

as  actually  occurs  under  the  action  of  sr^me  drugs.     (See  Nico- 

)     But  this  IS  not  the  explanation  of  Uie  inefficiency  of  chorda 

alation,  as   is  shown   by  the  fact  that  if  the  eleetn>des  be  pushed 

i>  the  hilus  of  the  gland  so  as  to  stimuhite  tlie  nerve  fibres  beyond 

ganglia  no  secretion  follows.     Another  explanation  would  l)e  that 

glaml  cells  themselves  are  paralyzeil  by  atrojiine,  but  this  issliown 

not  to  be  the  case,  for  on  stimulating  the  sympathetic  which  supplies 

fc<?  ^ame  eel  Ls  as  th  e  eho  rd  a  t y  m  p  a  n  i ,  1 1  le  Ujj;  u  al  se  ere  ti  o  n  fo  1 1  o  w s.     The 

•teof  action  of  atropine,  theref^>n%  seems  to  lie  Iietweeu  the  ganglitm 

ftlh  on  the  course  of  the  chorda  tympani  and  the  seeretory  eells,  that  \^y 

tli<*  point  of  attack  is  the   tertuinatious  of  t!ie  nerve  fibres  in  the  gland 

t*IU    The  action  is  limited  to  certain  definite  terminations,  for  it  has 

^n  noted   already  that  the  symjiathetic  seeretory   filires  are  not  par- 

alyzefl^  nnd  it  wa^  di^^overed   by  Ilei^leniinin  that  not  all  the  fibres  of 

Ih&diorda  tym|jani  are  acted  on  by  atn>pine.     On  stimulation  of  this 

nerve  io  the  nnpiisone^l  animyl,  besides  the  increased  secretion,  a  red- 

"fcasaml  swelling  of  the  gland  is  noticed,  its  tempenitnre  rises,  and  the 

olofjd  escapes   from    tlie  veins  in  mueh  larger  tjuantity  than  usual  and 

"1  spurU  as   if  from   an  artery.     This   is  due   lo  the  ililation  of  the 

•fteriolos  of  the  gland    from   the   stimulation   of   vaso-dilator   fibres 

^l>ich  run  along  witli   the  secretory  fibres   in   the  chorda  tympani. 

*^^  fibres  are  not  paralyzed  by  an  injection  of  atropine,  for  on  stim- 
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ulatiou  of  the  chorda  alter  wards  the  same  symptoms  are  produc 
before,  save  that  no  seeretion  occurs.  Atropine  then  seems  to 
the  terminations  of  the  8ecretf»ry  fibres  of  the  chorda  tyiiipani 
paralysis  and  to  h^ave  all  otliers  unaffected.  The  secretion  of  saiici 
seems  to  occur  generally  only  on  the  arrival  of  impulses  by  ^vay  of  thl 
chorda  tynipani,  so  that  on  the  paralysis  of  its  termiuatioDS  the  \ 
tion  ceases  entirely. 

In  the  same  way  the  other  f /fa ft^i^^  of  the  jnonthy  fhrofii^  none  andi 
pimtorif  pamaf/t;^  cease  seeretintr  after  atropine,  and  the  effecrt  is  the  < 
act  eristic  dryness  of  the  month,  the  hoarseness  of  the   voice,  and^ 
thirst  and  ditEcolty  inswalhming  eompUuned  of  after  itx^administrati 

The  secretion  of  the  ga^trh  j nice  lias  recently  been  shown  to| 
diminished  or  entirely  arrested  by  atrojjine,  which  iiaralyzcs  tlie  ter 
nations  of  the  secretory  fibres  of  the  pneumogiistric  lu^rve  in  the  stomg 
The  hydrnchhu'ic  acid  of  the  secretion  is  more  reduced  than  either! 
pepsin  or  tiie  fluid  as  a  whole.     Tiie  panrrctific  ^reniion   differs  ffi 
that  of  the  salivary  glands  in  the  fact  that  it  is  not  entirely  dej 
ent   on   nerv*ous   iniptdsf's,  but  continues  after  all  c<ui  nee  tion  with 
central  nervous  system  has  been  destroyed  ;  stimulation  of  the  pn 
niogastric    nerve    has    no  eflect   after    atropine,    while    normally  ^ 
^autrnients  the  amount  of  the   secretion.     The   hiie  is  also   said  to 

niewhat  lessened  by  atropine.     The  production  of  Kur/fir  from  the{ 
eogen  of  the  liver  has  Ix^en  recently  shown  to  be  controlled  by  brancl 
of  the  eHcliac  plexus,  but  these  have  no  effect  after  atropine,  so  that! 
terminations  of  the  nerves  in  the  liver  cells  seem  to  be  partdyised  i 

The  same  paralysis  is  produced  in  the  ter  mi  nations  of  the  nervt«l 
the  mvcai  f/lanfh.     Stimulation  of  the  sciatic  nerve  as  a  general 
produces  perspiration  in  the  foot  of  the  eat  and  dug,  but  alter  atropil 
this  effeet  is  absent,  because  the  impulses  cannot  reach  the  cells  thmi^ 
the  piiralyzed  termimitions,  and  the  skin  therefore  becomes  dry  i 
hot.     The  secretion  of  mtlk  bears  the  same   relation   to  that  of 
sjvinition   as  that   of  the   pimcreatic  juice   does   to   the   saliva;  it 
increasKl   by  stimuli   from   the  central   nervous  system,  but   at 
same  time  the  mammary  gland  ainlinues  to  secrete  after  all   its  ner 
hiive  been  divided.     Atropine  therefore  lessens  the  secretion  by  pri- 
lyzing  its  nerves,  but  does  not  stop  it  altogether.     The  solids  uf  tta 
milk  seem  rather  increased  tlian  diminished  by  the  drug,  V 

The  kidnetf  is  believed  not  to  be  controlled  by  nervous  influences  to 
the  same  extent  as  the  glands  hitherto  discussed  and  atropine  cansps 
little  or  no  change  in  its  amount  except  what  is  probably  the  indirt'Ct 
I'Gsult  of  the  arrest  of  the  other  secretions.  The  secretion  of  iifiniih  i» 
not  altered  by  atropine,  so  that  it  is  probably  not  controlled  by  nerve* 
in  the  same  way  as  the  true  secretions.  J 

Horbaczewski  states  that  atropine  lessens  the  nnmlier  of  feueof'^S 
in  the  blood  and  the  uric  acid  *if  the  urine. 

All  Organs  Containing  TJnstriped  Muscle  (apart  from  the  artt-'ri^* 
wall)  seem  to  be  altered  l>y  atn>]>ine.  Thus  the  nu>vements  of^tht 
stomach,  intestine^  bladder,  uterus,  spleen,  thoracic^^irt^j\iiit  tTi]m 
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tis  (except  in  animals  in  which  these  consist  of  striped 
pn»*c1  hy  atropine. 


The  inovemeols  of  the  Htomach  and  inlrstine  are  gt^nerally  bclipved 

^1  by  small  quautiticj^  of  atropine,  though  voinitinii:  h  not 

ob*jerved  in  atropine  poisoning,  and  less  often  a  free  e vac- 

luool'flie  contents  of  the  bc^weh     The  exact  way  in  whieli  atn»pine 

►  lifrv  is  entirely  unknown,  but  on  the  anal* igy  of  its  action  on  ihc 

«!Cii*tory  glands  an<l  on  tlie  heart  it  is  generally  supposwl  to  be  through 

!  \  in-  -  »rae  of  the  nervous  ajvparatus  with  which  the  aliuientary 

-    I.   nly  supplied,      l*revi<»us  investigators  state  that  both  the 

•  m  and  the  pneumoga.stric  nerves  Ijavc  nn  further  contn)l  over 

. .  i...  trie  and  intestinal  movements,  wfiile  the  former  inhibits  and 

tl»r  Iiittrr  exciter  these   in  the  unpuisoned  animal;  but  Hayliss  ami 

Surliagf  found   in  their  rewnt  careful   experiments  that  atropine  hji<I 

m  intlm-nee  on  these  nerves,  and   in  tact  failwl  to  detect  any  definite 

chAap'  in  the  movements  of  the  intestine  after  enormous  <jnantities 

rftke  alkaloid  had  been  injected  intravenously.      Unless  tliese  authors 

were  mistiiken   in  their  observalitms,  wtueh  there  is  no  reason  to  be- 

lievf,  iheir  stat4*nients  Involve  tfjc  abandtuiment  of  the  older  explana- 

tiontifthe  preliminary  purgatieju  and  vomitings  which  were  attriljuted 

to  itropine    depressing    the    inhibitory    endings    before    the   excito- 

Oator,     The  diminution  of  the   peristalsis,  which  almost   invariably 

£»lluws  the  administration  of  atropine  in  the  normal  animal,  is  gener- 

a^'yaid  to  be  due  to  paralysis  of  tlie  ganglia  of  the  wall,  l)ut  on  the 

*iuilo^y  of  the  otlicr  organs  atropine  would  seem  to  paralyze  termi- 

•tioDfl  rather  than  ganglia.* 

Aarpting  thi^n  hypothesis,  it  is  manifest  that  the  movements  are  not 

'^*idly  arrested,  for  the  int*^tinal  musele  like  tlie  other  invobrntary 

i^HM'je^  of  the  botly,  can  maintain  a  regular  movement  without   ner- 

IV^^ljj  impulses  from  witht>ut.     Accoixlingly,  any  substauee  wliieh  irri* 

~      the  muscle  or   perhaps  even  the  mucous  coat  of  the  bowel,  pro- 

Iuct!*  pt^ristatsis   after  atropine.     Tims   the   onliuary   purgatives  are 

jfieu  prescrilx^d  along   with   atrojune  and   act  rpiite  as   clhciently   as 

ms  ti*e  evacuation   of  tlie   l>owel   is  coneerned.      Purgatives  often 

!oce  griping  piiins  if  given  alone,  however,  and   these  are  relie%*ed 

^  hy  the  addition   of  atropine  to   the   pivseription.     This  has  lieen  ex- 

[  plained  by  the  supposition  that  the  griping  is  caused  by  local  eontra<'- 

ttons  of  the  intestinal   wall,  which  are  due  to  nervous  influence  and 

tlieR»fon*  disapi>ear  on  the  application  of  atn^pinc. 

Very  large  quantities  of  atropine  are  s^iid  to  pandyze  the  muscle  of 
itJic  ititi^tinni  wall,  but  this  scarcely  occurs  unless  under  special  condi* 
lions,  as  pandysis  (»f  the  respiraUiry  centre  would  certainly  precede  it 
LlQ  lite  intaet  animal. 

>Thl«  In  not  &ltf>f^her  in  oppoftittoo  to  the  stxtetnents  of  BAvlijfs  and  Starting,  for 
rthe  bowel  in  iM>  ricldv  mipplit-d  with  ncrvuuii  plexu!«|  timt  tt  in  iKiKHitil**  ihnt  while  llii* 
lermiiuitioits  of  the  vatfUf  nmi  sphtnrlinir  ure  not  iiiTecUMl  hv  Atropine,  H>me  other 
lire  niny  t>e  put  out  of  at'tivity.     In  ha  siinit*  such  the«»rv  h  neoe*<ary  to 
l!n#*dlatc  ftrn?>£  Uy  atropine  of  the  violent  peri^ttalaii*  after  muscarinic  wliich 
f  theiwj  auihorn  aiui  !»>  n\\  rittrvioiu  ob^^ervcre. 
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Atmjiine  exercises  the  same  sedative  eflect  on  the  moveraenteof 
organs  as  on  those  of  the  bowel,     Thus>  the  spleen,  «/m/>e,  Nmlder, 
the  hronchiat  imufclm  seem  less  liable  to  contraction  after  its  use. 
rcgiinl  to  its  action  on  the  two  fir?>t  but  little  is  known,  but  Dre^eJ" 
shown   that  the  stimulation  of  the  pnenaiogastric  does  not  c^u&e 
traction  of  the  bronchial  muscle  after  at mpine,  while  in  the  unp»isoi 
animal  it  has  this  effect.     In  regard  to  the  bladder  it  has  been  obse 
frequently  in  cases  of  |K»if?oning  that  the  urine  is  ejeeteil  soon  after 
inirestion  of  the  p(»ison,  and  suhse€|uently  there  is  a  desire  to  mietui 
without  the  ability  to  do  so.     The  preliminary  contraction  of  the  hi 
der  won  111  seem  analogcius  to  that  of  tlie  intestine,  and  the  subseqi 
inability  to  empty  it  tf>  the  diminution  of  the  jieristalsis.      The  rh; 
niie^il  contract itvus  of  the  unfrrs  arc  siiid   to  Ijg^aiOC^l^"^^'^ 
do^ivs^Jut  to  be  slowctl  and  arrested  by  larger  attMmotft> 

Tin  terminations  of  the  nerves  in  the  unstriped  muscle  of 
(e^ujihatjHJi  seem  to  Ix^  affected  in  the  same  way  as  in  that  of  the  ini 
tine.  A  curious  eontmst  has  lx*en  notcnl  by  Luclisingcr  in  the  behavief 
of  the  rcsnplm^ns  in  ralJiits  and  exits,  in  the  former  of  which  themim- 
cle  is  striated,  while  in  the  latter  the  upper  part  is  striated,  the  lower 
is  unstriated.     Atropine,  he  found,  paralyzes  the  vap^^^  terminations  in 


those 4mits  whicli  are  unstriix^j^  while  leaving  unaffectfMJ  tht,^  in  the 
s^4|jtMj  iihrt^^s.  ExaiHly  tlie  op(X)site  occurs  after  eu ra ra,  wliich  jiara- 
lyzes  the  nerve  supply  of  the  striped  muscle,  while  leaving  the  unstriped 
active.  Here,  a^^ain,  is  evidence  of  the  selective  j>ower  of  these  poisons 
and  of  the  ditlerence  in  the  chemical  composition  of  nearly  related 
structures. 

It  is  jMjssible  that  the  ditficiiltv  in  swallmying.  which  is  so  wcffl 
marked  in  cases  of  poisoning  by  atropine,  may  Vie  d^iejn  part  to  tjie 
^alysisj^if  the  niotor  nerve^£ods.  but^it  is  genemjjy  attributed  to  the 
absence  of  tlie  mucous  set^r^^tii^ij  aud  consec|nent  drvne^^;?  of  the  pa^ 
6agc»s, 

The  dilatation  jo£_jlixL^mty^  by  atropine  ha^  been  the  subject  oft 
very  liir"e  niiniiKr  of  researches  Ixith  by  physiologists  and  by  pnicddJ 
ophthahunlMgists,  It  occurs  on  internal  administration  as  well  as  oo 
the  applif'atiou  of  minute  quantities  hically,  and  is  due  to  jwtral yj^is  of 
t!ie  terminations  of  the  motor  nerve  in  the  circular  munde  i^ftlie  iri«. 
Tliis  is  sliown  l>y  the  fact  that  stimulation  of  the  motor  oculi  ner\*cor 
of  the  sympatlietic  neuron  running  from  the  ciliary  ganglion  is  williofll 
effect,  as  well  as  that  the  dilatafii»n  may  be  produced  l>y  atrapineb 
the  excised  i^ye.  This  limits  the  paralysis  to  the  jK-ripbery,  and  tiflt 
the  nniselc  is  not  acted  on  is  shown  l>y  it8  reacting  to  electrical  stim«- 
Intion,  The  local  nature  of  the  action  may  l>e  further  j^liown  by  cure- 
fidly  applying  a  minute  (]uaiitity  of  the  drug  to  one  side  of  the  cornt*j 
wireu  dihitation  of  one  lialf  or  less  <vf  the  pupil  occurs,  the  rest  reniitiw- 
iug  contracted.  Th*'  motor  oculi  (Fig,  2r»)  constantly  tmnsmits  iu*" 
pul^'S  through  the  ciliary  nerves  to  the  sphincter  muscle  of  the  irisaC^ 
keep^  tlie  pnj*il  modcnitely  contracted,  and  wlieu  these  impulses*  e^^ 
no  hunger  reach  the  iris  owing  to  the  paralysis  of  the  nerve  ends,  tW 
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\  8(hiact«r  relaxes  and  the  pupil  dilutes.  The  musole  itself  does  not 
leem  U>  be  atlectcd  by  the  ordinary  application  of  atropine,  but  if 
atroDg  fiolutions  be  continuoiisly  applied,  it8  fibres  may  be  paralyzed 
by  it  as  by  many  other  drugs.  The  ar^tion  in  paralyzing  the  nerve 
€{kd  1»  universially  accepted  now,  altbougli  it  was  formerly  disputed. 
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P,  a  Abre  of  the  raotr>r  o«iIi  puMinfr  iVom  the  hraln  Ia  the 

.  .xr-.i^f^..^  .,  rtvrvp  ecill,  wl''   ^  ^.....(.  .,,,  i^^^,  cvllijift^r  l*i  ler- 

"I  "  fmm  U.I-  <.,  ,  .^^  <.  i-Jt  mrm  to  the  irlp«  i  |*iu»« 

r'lbnr'^.     .V  mdicfltrH  tUett-'fiiiihAituui  of 

I  m\   hy  nipi^jitic  hikI   iiiunciiritH:,     .VA' j 

.v^'.,l.v.     <,  »».  ,iiriiituiitiuu«  lu  Ihv  Uilaior  hbrcn,  that  uf 


^K  A  Tiirtber  qiiit^titm  is  whether  this  is  the  t»nly  e^vvi  of  iitn>pme  on  thc> 
^ni|iit,  or  whrlhtT  iht^  trrmiimlions  t»f  iht*  dil»tiug.-*vni|intlii*tiL'  Hbtet^  are  iMit 
^^Bamli&tod  Ht  tht'  i^iimi*  timt%  and  thii*  luiniiut  a;*  yet  hi'  8aul  to  hk^  lirt'ueniUy 
^^^raed  upon,  «lthou>?h  tht'Tt?  is  ver*^  strong  t* viileiice  agiiinsl  ihi*  hitter  view, 
lU  sdvcM'^ti^^  liuve  j^eiM-nilly  ignored  tlie  Hwt  that  I  fie  ronstrietor  mn!*cle  i» 
enQslanOy  oppoHwl  by  tlihit^r  fibreji.  anil  that  wln-n  ibelonuer  is  thrown  t>nt 
of  activity  by  tbi'  punilv!*!?^  t»r  tlie  terniiinitioim  of  the  motor  oeuli,  the  radiat- 
Ibc  Hlwt*  oiiute  an  active  tUlatuti^Hi  without  any  sllinnlation  of  the  nerve  endt; 
IhtSiig  aiMawiiry.  If,  however,  the  niiliatin^  umsouhir  fibrei^  be  sepanited 
^ their  Innervating  eentrc  by  .^^ction  of  the  eervieal  syra|mthetic  nene 
f  n«*rk^  they  lUso  eeasi*  to  contnirt  and  th«'re  is  no  active  dihitation,  so 
FftiriJpine  cjuifiej*  less  widening  of  the  |inj»il  than  it  wonld  if  impulses 
^at*nu<^d  to  reurh  the  rarliatini;  mn^ch*.  After  the  at^pUeation  of  atropine 
eye,  the  iris  often  relaxes  with  snrticient  foree  to  t4*ar  weiik  adbasioi»9 
i  leMR.  and  thif*  ha**  also  lH?en  hehl  to  indicate  that  the  dilator  fibre.**  ai-^* 
i,  for  it  \%  UTdikely  that  the  niet*e  pa^ve  relaxation  of  the  \t\a  could 
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rupture  uu  uttiK-liinent.     The  dilatation  is  iiiHiuesticmahly  an  acifvej 
metit,  a<*('omj>lishtHl  by  the  (rtjiitnution  ijf  the  radiatini^  muscular  II hq 
these  ar**  nut  pni  in  niotiim  i)y  stinjulivtion  of"  the  terminatitin»  uf  Iht* 
the  radiiiting  niy>iclt*Huf  llie  iris,  but  by  the  normal  i nipii lilies  *\^fHMuUi 
the  central  nervous  ^ay.stenL  whic^i  after  atropine  are  not  eoiiij 
inipiilses  reaehiuj^  tluvinmilar  libres.      If  the  iris  be  attaches 
to  th4'  It'as,  atropine  eanses  u  bow-slnijaMj  iMlatiition  between 
eavity  i»eing  directed  inwards,  wliereas  if  the  dilatation  werC 
the   fiart   between   the  pnints  of  attaehnuril   would  j>robabl]j 
wrinkled.     But  this  \^  not  an  ar^tiiaent  in  favor  of  tlie  aetiou  { 
the  terniinations  of  the  nerves  to  I  he  dilating  iniLscle,  as  ii?  of 
it  cart  be  explaiijcd  in  the  name  way  by  the  euutraction  of  tb^ 
due  to  tlie  activity  of  the  centre  in  the  brain. 

Ill  short,  the  evidence  L^oes^to  YP^y^  t^^'^^  nfmpin^r'  'VAi 
WVpuijthKJnp  i]n^  tenniuutiotis  t>f  tlie^nerves  iti  tbi 
This  leaven  the  radJutinp  librc^s  iinnp|ios^tj,  atiil  theVf 
llOrir*'"'  f'i\j^f^^^  ihi^  \v\sL       ^j:iarternii[iations_<d'  tlie  iierv 
atifi^  muscle  fibres  do  not  srem  to  lie  afFeeted  by  atro])ineJ 

The  rlilfitiifji^ii  nf  tli.^j>npjl  iil!Hr>ti(]  by  ^iiropioois  not 
for  atii"^llilfij^fi  nf  tb<*  i'i>rv^i|.;d  syrupathede  trutik  genpc; 
though  but   slio^btly.      It  (lifters  eousiderably  in  different  I 
ing  more  coniplete  in  iiiaib  the  clog,  and   the  eiit  than  it 
entirely  absent  in  birds  and  reptiles  and  elicited  with  di( 
frog.      In   birds  an<l   reptiles  the  iris  consists  iif  striped 
and  aecordtntrly  iilrojiine  has  no  action  on  the  nerve  termiu 

In  the  nibbit  and  in  niiiii  the  dilatation  is  sometimes  pr 
slight  contraction  due,  it  is  believed,  to  an  irritant  prepara 
up  a  reflex  from  theeonjimetival  sensory  nerves.      When  colj 
tation  is  attained,  the  pupil  ceases  to  contrnet  in  bright 
impulses  descending  from  the  central   nervous  system  arfl 
from  reaching  the  muscle^  although  the  rest  of  the  reflex 
According  to  several  observers  tbe  pnpil  dilated  by  atropiiij 
during  narcosis  from  chloroform  or  chloral,  btit  this  statem^' 
further  confirmation. 

Resides*  the  dilatation  of  the  pupil,  a  further  result  of 
tion  (^f  atropine  to  the  eye  is  the  paralysis  of  the  titvoinmoda 
objects  are  no  longer  seen  clearly^  while  distaid  ones  are  as] 
formerly  or  may  hi'  even   more  distinct  in  some  eyes.     Tb4 
here  again  on   the  terminations  of  the  motor  nerve,  in  this 
ciliary  muscle.     On  local  application  the  relaxation  of  the  1^ 
later,   and  disappears  earlier  than    the   dilatation  of  the 
larger  quantities  arc  rerjuired  b\  jn^oducc  it. 

The  intnfra^Hhtr  presi<ure  undergoes  a  consideralde  augment 
the  local  application  of  atropine  as  well  as  when  it  is  applied 
the  general  circulation.     This  seems  to  be  due  to  the  dilatatii 
pupil,  although   some  writers  seem  to  believe  tliat  atnipine 
special   action   tm   the  intraocular   fluids.     The   ini;pa>;^)  iii-t 
oculjH-  pressure  has  been  demonstrated   in   animals  thronsrh  tj 
mcnts  of  a  manometer  commimicating  with  the  vitreous  humo 
a  well-known  result  of  the  application  of  atropine  in  ophtliu] 
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ago  of  the  pationt.     The  inhihiton^  fibres  seem  almost  inactive  at  1 
Init  their  tone  inereiise^  with  age  up  to  25-^*)  years,  and   fn>n 
time  lessens  a^^ain  arnl  is  very  slight  m  old  age.      Atn>pine  ilo 
(juiekeii  the  lieart  in  the  ncwboni  child,  but  up  to  abi>ut  30  the  i 
eration  increase.s  with  the  age,  and  from  this  point  onwards  it  ij 
again  until   tixe  heart   is  aec-elerated    l)y  only  4-0  beats    per  raioi 
patients    bet  ween    8t)-90   years*      Along  with  the  ac<vh'r:itin^^< 
juiUe  the  otl)er  effeets  of  vagus  ^^etion  are  fdsM  produced — incr 
Uie  extent  of  systole,  decrease  in  the  diasttile  and  augmentation 
output  of  the  heart  per  minute. 

StinuilatiLJti  til*  tlit*  vajijiis  causes  no  retanhitioti  of  the  pulse  aft€'r  ati 
but  oil  the  cuntmry,  irf  not   infretjuently  followed  by  acceleration  froi 
presence  of  ueceleraior  lilires  which  are  not  aflected  by  atroinae. 

Large  quantities  of  atropiue,  besides  pandy/Jng  the  vagus,  weaken  j 
deprt*ss  the  heart  niusM'le  and  the  contractions  efHiM'quentJy  become  i 
and  weaker  and  the  t^utjait  of  the  heail  is  k-ss  than  normal.     Hi 
stales  that  large  quantities  accelerate  the  coronary  circulation  in  m& 
and  increase  the  atn|ditudc  of  tlie  coulractions,     lie  is  inclined  to  rc^r<|( 
latti^r  alteration  i^  due  in  part  to  the  dilatation  of  the  coronary  veeeel 
pari  to  a  direct  iiction  on  the  heart  mu5»cle. 

The  j>eri|diei'al  action  of  atriJjiine  hitherto  discussed  is  due  to  it<<k 
lyzing  the  icrininationi^  of  a  nunil>er   of  nerves  in  simall  doses  and  to 
pandy^ing  the  muscle  or  ^land  cells  when  administered  in  very  laryye  qi 
titica.     These  fads  are  gencndly  acccjited  as  trwe,  but  a  number  of 
effects  have  been  disputed  and  may  now  l>e  shortly  discussed. 

It  is  not  fteldoni  stated  that  atropine^  in  addition  to  paralyzinjar  tb©  v 
euds^  stimulates  the  heart  muscle  and  thereby  quk-kens  its  rhythm, 
assertion  is  somewhat  dtlhcult  to  disprove,  but  none  of  the  alleged 
brought  forward  to  support  it  have  stood  closer  investigation.  The 
generally  arose  from  the  belief  that  atropine  acted  on  the  gafM/iii 
not  on  the  nerve  enilsorfrom  the  nse  of  impure  and  irritant  prej 
and  all  the  jihenomena  tm  which  it  was  based  may  be  expdainin  .^ 
more  modern  theory  that  the  ganglia  on  the  course  of  tht*  inhibitory  ntfW 
fibres  are  left  intact  by  atropine,  while  the  terra i nations  of  the  nerve  Iff 
paralysed. 

A  furl  her  question   is  wdiether  Uw  nerve  ends  are  paralyzed  at  oDoeif 
whether  they  undergo  a  short   stimulation    first.     In   favor   of   the  lattli: 
theory  several  facts  may   be  mentioned,  as  that  the  heart  in  mammalfiista 
rare  eases  tii^t  slow  ed  and  then  quickened  l>y  atropine.     This  might  indicate 
stimulation  of  the  nerve  cutis,  hut  seems  due  rather  to  the  inhibitorj^  ceBtre 
in  the  medulla  being  stimulated  before  the  terminations  are  paralyze^l.    Thii 
stimulation  of  the  centre  slows  the  heai*t  until  the  imjudses  sent  out  fhnoil 
are  prevented  from  reacddug  the  organ  by  j*aralysisof  the  ner^-e  ends.    Tte 
increase  in  the  intestinal   movements,  which  occurs  immediately  after  tfce 
injection  of  atropine,  might  also  be  cited  as  proof  of  the  preliminary  stimth 
latiou  of  the  nerve  ends,    but   may  also   be    explained  by    the   inhitiftmy 
teriniTiidions  Vicing  paralyzed  earlier  than   the  motor,  so  that  these  hii\«*» 
brief  ficriod  of  unrestrained  activity.     In  the  eye  a  short  stage  of  eontnutiin 
of  the  ]Hi]*il  not  infretpieutly   precedes  the  dilatatioji,   but  it  is  i: 
believed  to  be  due  to  a  retlex  from  the  application  of  an  irritant  st-iL..  - 
the  corijuuctiva.     Lastly,  when  atropine  is  ai>plied  to  the  eye  of  the  at  * 
eonsiderable  e^ccrction  of  sahva  almost  always  follows  for  a  short  lime,  tii^ 
this  might  l>e  held  to  indicate  a  stimulation  of  the  Terminations  of  the  chorto* 
It  is  more  likely^  however,  that  it  is  a  reflex  secretion  from  the  bitter  i*9*^ 
of  the  alkaloid  which  has  escaped  through  the  lachrymal  duct  into  the  bttd 
of  the  throat. 
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^      J,  Tl^  stiraulato  the  same  peripheral  nerve  termliiatioos 

jnne  |         .      "^»  ^n*l  ^^^^  inteniction  of  tlie  two  groups  is  of  con- 

We  ioi|K>rtance,     It  is  more  profitably  discussed  after  the  jirniieral 

of  iln?:M?  |H>isotis  ha§  been  learned,  :in<l  will   be  taken  up  at  tliat 

f«ef!    mnscsirine,  ]Mli»carpine,   and    pliysostijij:iiiine  ;  compare  ako 

1  the  ciirara  and  etMiiine  series), 

ratary  Muscles  :ip>  not  ditri-tly  :im^i^fp<]  hy  nkap^'^'^      The 
inatitms  of  the  motor  Nerves  are  pandyzed  in  the  frog  hy  large 
but   thi^   ha^  lud  been  elicited   in  iniinHnals  by  ordinary  metli- 
lof  ex p^-ri mental   invei§tigation.     The  terniiiiation??  of  the  sensory 
are  jiaralyzed,  or  at  any  rate  depressed   by  its  local  application. 
rlien  a  liniment  or  ointment  c<jntainiiig  atropine  is  applied  to 
do,  a  numbness  of  the  part  is  produced  and  the  sensation  of  pain 
V      The  local  annesthetie  etfect  is  not  elicited  by  its  internal 
on,  although  it  is  satd   that  the  fmg  may  be  rendered   less 
to  irritation  of  the  skin  if  poisone<l  with  atmpine.     Aecord- 
r#imie   recent  investigations  the  sensory   terminations  are  first 
lated  aod  then  paralyzed,  but  the  assertion  stands  in  need  of  con- 
!iti(»n. 

utioii.  —  The  effect  of  atropioe  on  the  circulation  is  somewhat 

J  ad,  bt'-^ides  tliiipetion  pn  fh"  ^i^^^^^f,  tIrM  -rfl  tlj'^  pMUral  neryous 

^Tmnat  l>e  c*nisijered.     The  heiirt  is  sooie times  slowed  and  weak- 

at  first,  owing  to  tne  stimulation  of  the  inhibitory  centre  in  the 

iulla  probably,  i>ut  is  generally  quickened  from  paralysis  of  the  in- 

^tory  tibres  in  ttie  heart,  and  after  very  large  dnses  is  weakene<l  by 

>dirt:H!t  action  on  the  muscle  Jibre.     The  blood -pressure  is  consider- 

ar^rragefl  by  the  augmentefl  output  of  the  accelerated  hearty  and 

nujitj  t<>  ^timuLitiun  t>f  jhe_  vaso-eonstrictor^eutre  iji.the  medulla 

-   the  arti'rinL'^  in  fl^e  ffbdomen.      The  constriction   of 

:iceompanied  by  a  diJation  of  tlie  arterioles  of  the  skin, 

perhaps  of  the  brain,  from  excitation  of  tfje  vaso-dilator  centre, 

|tlut  the  bhjod  tends  to  flow  from  the  alHlominal  cavity  to  the  more 

cial  parts.     The  dilation  of  the  skin  vessels  is,  however,  insuf- 

ot  t4>  counteract  altogether  the  contraction  of  those  of  the  abdomen, 

[that  a  considerable  increase  in   the  arterial  tension  follows  the  iu- 

of  atropine.     The  increased  pressure  is  maintained  for  some 

after  small  doses^  while  large  ones  lower  it  from   the  action  on 

heart  muscle.     The  dilation  of  the  skin  vessels  is  more  especially 

in  the  bead  and   neck,  and   lie  re   produces  markeil  flushing  and 

[nA\  somewhat   resembling  tliat  of  scarlet  fever.     That  it  is  due  to 

Blnil  action  is  shown  by  the  fact  that  it  is  prevented  by  division  of 

*  S)*m|»jithetic  trunk  in  the  neck.     The  rash  usually  disa]i]iears  after 

ifrw  liour:^,  but  is  sometimes  folio weii  in  a  day  or  two  by  desquama- 

*wi'    T he  rireulajjon  always  pi-rsists  after  tfie  respiration  hiLs  ceased , 

Njt^dirre  is  not  the  transe  or  <leath  theretojic. 

^^^  artion  of  atropine  on  the  Kespiration  has  been  tlie  subject  of 
Diioh  di^^ussi  on  i  n  rec< » n  t  yea  rs .  1 1  i  s  so  m  et  i  mes  s lo  w  er  a  t  ii  r^  1 1 1 1  ro  u  gh 
Nitne  unexplained  central  action  but  then  be(x)mes  f|uiekcr,  and  ae- 
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cording  to  most  observers  aim  det-ptr.  and  the  amouut  nf  lur  iui 
jxT  minute  is  considerably  inei-eai^ed.     This  h  due  to  btiiuulati 
the   respiratory  centre,  wliich  undergoes   the  .siiuie  changes  m 
of    the  central   nervous  system.      After   large   doi^es    tliis  qui 
biTatliing  is  frecjuently   interrupted   by  convulsive   movements, 
such  an  interruption  often  proves  to  be  final.      If  it  returns^  the 
ments  become  shallower  and  slower  in  the  stage  of  depression 
nervous  eenti*et*,  and  the  failure  of  the  respiration  is  the  cause  of 
in  fatal  eases  of  puis*>ning. 

^Atro^>iue  ^ftenJnduL^'sa  marked  rUn  ijx  Tf>TPpA^ataij*>    the  vn^ 
which   cannot   he   said  to  be  detiuitely  knovin.      According  tf»  Ol 
di>sip«tion   of  heat   is   increa^ttl,  but   the   heat  formation  under] 
still   greater  augmentation,     Tliis  seems  to  be  independent  of  tb 
cidatory  changes  and  also  of  the  convulsions,  and  is  attribnt*'d  hv^ 
to  direct  action  on  the  heat  centres  of  the  brain. 

Atropuic  is  Excreted  in  the  urin^.  in  small  guajitj ties  when  iiiji 
int**  the  *log,  l*ut  iw  >^  tjt  >  t^  It  u  n  <  I  <  ■  r^  x*  s  o*  *  in  j  >]  cx  ej  >  x  i  d  a  t  i  o  n  in  tit  e  ti; 
in    the   nibbit   this  seems  to   be  the  fate  of  the  wlmle  of  tbo  ilruj 
none  is  found  in  the  excretions,^    Young  animals  withstand  much 
qoantiries  than  adults,  according  to  v.  An  rep  because  the  brain  m 
highly  developc^d   and  the  cerebral  symptoms  are  therefore  pi 
less  easily.     Rabbits  maybe  fed  for  weeks  on  belladonna  leaves  ej 
sively  without  showing  any  symptoms  of  poisoning,  while  carniv 
animals  and  man  are  very  much  more  sensitive  to  its  action.     A  ciii 
case  of  iKJisoning  is  relateil  in  which  the  defence  was  made  that  the 
loid  was  taken  accidentally  through  ^lartaking  of  roast  nd>l>ttj,  the 
maFs  Hesh  having  Ix^en  saturated  with  atropine  through  ffcding  on 
donna  leaves.     It  was  found  that  ralibits  thus  fed  might,  in  fact, 
tain    large  (juantities  of  atntpine  and  yet  shuw^  no  signs  of  jxiisoi 
A'^on  An  rep  succeeded   in  developing  a  certain  degree  of  Tolerani 
dugs  througli   repeated  administration  of  atropine,  but  it  was  veiyi 
complete.     The   symptfinis  arising   from    the  central    nervous  gyi 
were  much   less  evident  after  a  few^  duses,  while  those  from  the 
pupil  and  secretory  glands  persisted  al"ter  the  treatment  had  been 
tinned  for  stime  time. 

Hyoscy amine  resembles  atropine  in  its  effects  on  the  animal  organism, 
but  appears  to  have  less  stimulant  action  on  the  central  nervous  sy!*tiw- 
Instead  of  the  garrulous  delirium  generally  seen  after  atropine,  patients 
frequently  present  all  the  symptoms  of  cerebral  depression,  fatijjtie, 
drowsiness  and  eventually  sleep.  Tlvis  sleep  is  said  to  resen)hle  tli€ 
norn>al  much  more  closely  than  that  produced  by  opium  and  tire  hyp- 
notics of  tlie  methane  series  and  the  patient  is  generally  more  tasily 
aroused  and  is  less  confused.  It  is  by  no  means  a  constant  effVelof 
hyoscyamine,  however,  for  in  many  cases  the  confusion  and  delirium 
descrilxNLl  under  atropine  are  pnxhiced  instead.  After  atropine,  sWp 
occasionally  fallows  without  any  excitement,  though  this  is  much  ntivr 
than  after  hyoscyamine,  but  in  all  cases  the  symptoms  present  a  curi 

*  Traces  have  been  iooad  la  the  mitk  of  some  mumuls  and  also  in  the  foetal  Ui 
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stimulntton  ami  depression.     The  (liirerence  is  thuft  merely 
rets   ittmpine   being   tollowed   bv  greater  stimnlatiun  thuii 
w!iilt'    111    Iiyoscyaraiiie   the  latter  is  the  predomiuatiog 
Wore. 

A§  wgarfk  tlie  [peripheral  action,  both  produce  the  same  effects, 
tkN^  not  with  equal  power;  for  pore  hyoseyaiiiiiie  acts  praeticuHy 
uric**  :is  sln>n^ly  as  iitri>j>ine  on  the  nerve  tenuinatfoos  in  the  secretory 
jfUnvL,  nn-^trittt^Hl  muscle  and  heart.  But  pure  hyoseyaraine  i,s  so 
nVVmv  obtainable*  that  thii^  is  devoid  of  practical  im)M>rtiince. 

iQ^apine,  HvoactT^.  rf*sc n  i bjr "i  a  t  ro  pi  n t"  el  i lirl  y  i  n  \  t s  p.*  r i  | \h era  1 
ijAip.  The  inhiUitury  tenninations  in  the  heart  are  paralyzed  in 
lSrfr>g  and  in  most  nianimals,  and  possibly  in  man,  althoti^h  most 
oh<ier\er«  state  that  the  pjilse  Ji^  not  miu^h  giiiiilr^MUMl  in  patients  and 
»in}f  <tate  that  it  is  slow.  In  rrtrard  to  it??  action  on  the  pnpil  and 
ico^mmwlatinn  Fome  diseref>ancies  exist  in  the  aceonnts  of  dilferent 
imliofH,  It  ii*  jL!^*nerally  siiiil  to  |nnHkiee  mydriasis  and  loss  of  acconi- 
imiktiim  mort*  uniekly  than  atn^jnnCj  but  for  a  much  shorter  time; 
accopiing  to  Rotislaw  scopohinduc  acts  five  times  a^  strongly  on  the 
pupil  a^  atropine.  Tlje  etleets  on  the  eentral  nerv^nt^  ^ysfooi  prp^i*nt 
thr  'livcr<^cnres   fmnt  those  dr^fribi'd  Vh-i^Imi*  ntropinjj.Jijr  the 

{^  -.Tniinhiliuu  is  abH-nt  in  tbe^Tcat  mi^iorirv  of  cases,      Asa 

jS^Tieral  nde,  scojHilumine  prothices  a  inarkctl  sensation  of  fatigue  and 
Jruw^iaess,  and   the  patient  moves  aliont  less  and  s[>eaks  less,     Stion 
JJfloverjxiwering  desire  t<>  sleep  is  felt,  and  a  eontlition  in  no  way 
ftilar  lo  the  natural  sleep  fi^!lov\s.      In  many  aises,  however,  a 
9tagv  of  ejccitenient   with  giddiness,  uncertain  movement.Sj  aj]d 
I  <mBeult  and  indistinct  speec4i  prececk^  sleep,  and  occasionally  symp- 
resembling    those    protlueed    by    atropine    follow    the 
1   of  hyoscine.     Sleep  generally  lasts   from  5-H   hours, 
tilt*  jmtiont  may  then  remain  in  a  Mjmnolent  condition  for  eeveral 
***Jr»  longer.     As  a  general   rule^  after  small  doses  no  confusion  is 
jplaiued  of  on  awakening,  but  dryness  of  the  throat  and  thirst  are 
tffi  pn*!M*nt. 

In  one  or  two  cases  collapse  has  been  observed  after  scopolamine. 

hr  %*as4>-molor  and  respiratory  centres  do  not  seem  to  be  stimulated 

atropine,  the  blooil-pressnre  falling  and  the  respiration  geneniUy 

litig  slower  from  the  beginning. 

It]    the   li»'  iL'ils  seiipolamine    rednt*es   the  excitability  of  the 

Mor  arejw  ;i  i)v  eleetrie  shtM^ks,  while  the  reflex  excitabilitv  in 

frog  is  wrtainly  not  inereasetl  as  by  atropine,  and  acctinling  to 

authivrities  is  mneh  depressetl. 

le  af'tiou  of  seo|K4amine  then  seems  to  correfipond   with  that  of 
ipinc,  «ive  that  tin*  cHUitral   nervous  system  is  luTe  depressed  even 
than  by  hyoscyamine,  while  the  action  on  the  periphend   nerve 
is  somewhat  stronger,  and  in  man  no  distinct  quickening  of  the 
\  b  abft^rved.     Hcopolandne  depresses  the  liniin  in  very  small 
|ttralilie8f  )  mg.  {\\^  K''*)  '^i**^  generally  sufficient  to  cause  sleep.    It 
liiQef  nijt  seem  lo  be  so  dangen>ns  as  tlie  others  of  the  scrie?,  fi>f  a  dom* 
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«ids  in  the  pupil  and  heart  and  on  the  salivary  ^erction.  They 
s  m  reriaiu  stimulutit  effect  on  the  heart  mu.*^cle  like  some  oi'  the  artifieial 
Eie@,  and  all  pro«luee  more  or  less  depression  of  the  central  nervous 
i  mud  uarocksis. 

le  «ctii>n  of  the  Crude  Drugs  is  very  similar  to  that  of  the  active 
iples  alrendy  discussed.  Tlie  peni>lieral  aetiun  of  all  of  them  is 
(ore  alruc^st  identieul  in  kind,  thoiitrh  varying  in  degree.  In 
idering  their  effects  on  the  central  nervous  system  it  must  he  re- 
bbered  that  those  ct>ntainvng  much  atropine  are  more  stimulant, 
'  with  hyoseyamiiie,  and  especially  those  with  hyoscine,  more 
ive.  lo  belladonna  prejiarations  the  fpiantity  of  hyosoyaniine 
tk  go*^  dcnil,  and  it  is  sai<l  that  no  atr<)pine  is  present  in  the 
plant,  but  that  during  tlie  various  prueesses  of  extraction 
or  all  of  the  original  hyo^cyaniine  becomes  changed  to  atro- 
The  relative  proportion  of  ihese  two  poisons  probably  varies 
r  preparatitms,  therefore,  and  with  it  the  sedative  effeet. 
:imus  and  scopolia  tlie  presence  of  scopolamine  and  liyo- 
ine  priMluces  a  much  more  narcotic  effect  than  is  obtaintd 
belladonna,  while  datum  is  generally  said  to  be  less  Si^la- 
p  tluin  the  former,  but  k^s  stimulant  than  the  latter.  Duboisia 
)  seem;*  rather  stxlative  than  stimulant,  hut  its  action  and  timt 
its  su-called  alkaloid  must  vary  considerably  if  the  latter  coii- 
ts  ni  one  time  of  hyoacine,  at  another  of  hyoseyamine.  In  re- 
ri  lo  mandrake  no  very  recent  work  lias  Ireen  done,  but  its  tra- 
lonal  effect  in  causing  madness  would  seem  to  entitle  it  to  a  place 
LPer  belladonna  than  hyoscyamus. 

Preparations. 

r,  S.  p. — Belladoima  Folia,  the  leaves  of  Atropa  Belladonna. 
ExTEAcrrH  Bcllajx>xn.«  Foliurum  iU-eouoLicuM,  0.00r>-0.03  G.  (1*3- 

TiKcrrRJi  Belladonnj^.  Foliorum,  0.3-1  c.c.  (5-15niins.). 
Vngvrnt u m  lieUadonnm, 
EMPL^.HTRrM  BELLAtK)NN.E. 

BelladoiuiaB  Eadlx,  the  root  of  Atropn  Belladonna. 

T^r    '       ''  'faihntift':  Rtjfficift  Ffttidttm^  0.05-0.1  c.c,  (1-2  mins.). 

U  Relladonx.e.  conttiiiiiii*^  camphor. 

Hyk>avjaiAiua,  the  leflves  of  Hyo.-*eyutnns  ni^^er,  henbane. 

ExTUf-rrM  Hv*>scYAMr,  tKCKi-O  2  if.  (J-3  gix). 

Eiifttrhtm  iitjoi*ryami  Fhiidum,  0.3-1  e.e.  (5-15  rnins.). 

TiNrrtiu  liv^K-cvAMT,  1-4  e.e.  (15-00  mins,), 

Btnunonil  Semens  the  needs  of  Datum  Stramoninin. 

l^raHitm  Slranwttii  iSVm/wix,  0. n;3  0.1  C;.  (A -2  gr^.). 

-fetogfltinw  Stnimonii  ScminiH  Fhtidum^  i)J)H-iK2  e.e.  (1-3  mins,). 
fUH^  Sfrnmunii  Seminis,  0.5-1,5  e.e.  (8-20  mins.). 
^^WBfltiii  Folia,  the  leaven  of  Datum  Stmraonium. 

B.  P.-^BelladonuaB  Folia,  the  fresh  leaves  and  branches  of  Atropa  Bella- 
don  iiit 

^^^um  Beliadoniue  Viride^  J-l  ^. 

^tCTM  Rvlhidonnie,  5^15  m. 

Bellidomi®  Radix,  the  root  of  Atropa  Belladoona, 
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ExTR.vcTtTM  BKLLADONN.E  Alcx>holicum  (1  p^t  ccnt.  of  alkaloida),  J-lJ 
£xiradttm  Bftladonntt  Liqtiidum  {i  iM?r  cent,  of  alkaloids)^  J-1  uiiii. 
TiNCTiTRA  Bellai>unx.e  (jV  P^^  ceiit.  alkaloids),  5-15  mius. 

LlMxMENTCM  BELLADONNiK. 
Un<fatmlum  Bell^ulonnw, 
Emplastkum  Bklladonn^. 

Supp^mforia  BettmltmuH',  each  containing  ^^  gr.  of  alkaloids. 
Hyoscyami  Folia,  the  fresh  letives,  flowers  and  bmnches  of  H>  < 
uiger^  heulmiie. 
ExTaACTUM  Hyoscvami  Vjridk,  2-8  grs. 
7^  net  urn  Hifmcyami^  \-\  tL  dr, 
StwriiH  Htfostvfaini,  h-l  H.  dr. 

Stramonii  Folia,  tbo  dricil  leaves  of  Datura  Stramonium. 
Ti  net  lira  Strumonii^  rj-l*)  mins. 

Stramonii  Semina,  llie  ^eeds  of  Datura  Stramouium. 
Extractitm  Stramotiu^  J-1  gr. 

Alkaloids. 

Atroptna  (U.  S.  p.,  B.  R),  an  alkaloid  (C^H^NO,)  derirod  fVom 
donua  and  fornxing  whit«,  acicular  crysUils,  very  lUlic  soluble   in  watcr^  1 
soluble  in  alcohol  aud  ether,  and  having  a  bitter  taste.     0,01>05-0.0oi  I 
i-1  lu^,  Uh.-,h  gr.  B.  R). 

ATFidPiN.E  SirLFUAH  (IT,  S,  P.,  B,  p.),  a  whit^?,  crj^staUine  powder, 
\ety  hhU*r  taste,  sokiblc  in  water  and  alcohol.     Dost%  a^  for  atropine. 

Um/nefittim  Atropitur  (B,  P.)j  ^  per  cent. 

Liqitur  Attvpfme  (B.  P.)^  1  percent,,  J-1  min. 

Lamfihe  AtrQpime  {B.  P.),  gelatin  discs  each  containing  ^^j^^  gr.  of  i 
pine  su![>hate. 

Hvoi^cvAMix.f:  Sulphas  (U,  S.  P.,  B.  P.)  ((C,.H„NO,),H,SO,),  the  I 
phate  of  au  alkaloid  doHvcd  from  Hyoseyamus  uiger.     A  crystalline.  ^ 
quesceut  [jowder  with  a  bitter  acrid  tiiatc,  very  soluble  in  water  and  alo 
atKKri-O.oul  O.,  \-l  mg.  (ifj^-r/j  gi*  )^ 

HYoe^rvAMiN/K  HvimoimoMAs  (U.  S,  P.),  the  hyflrobromato  of  hyo 
mine,  resembles  the  sulphate  in  most  points,  but  U  not  deliquescent. 
as  of  t lie  Hult^hate. 

Hvot^CMNyK  II YDItOBROMAS  (U.  S.  P.),  HVOSCIN.'E  HYDROBROMimTM  (B,| 

(C,.H,^,NO  HBr,  HII^O),  the  hydrohromate  of  hyoscinc  or  scopolamttie/ 
is  ohtained  from  byoscyamus,  scirpolia  and  other  sohimiccie,  and  forms*  ' 
less,  trauspart*Tit  crystals  with  au  acrid  bitter  taste  and  is  ver^'  solabN 
w^ater,  U-ss  so  in  alcithol.     0.0003-0.000')  V,.^  J-^  ing.  {-ij^ ihj^  gr)» 

HoMATTtopiN.K  HYDROBKOMiurM  (B.  P)  (l^^HjiNO^HBr),  the  hjd 
bromide  of  au  alkabnd  prejiired  froui  tropiue,  a  wliite  crystalline  pow' 
soluble  in  (I  inwtB  of  cold  water. 

lAtmt'ftw  Homatropinie  (B.  P.),  homatropiue  di»c9,  each  weighing  A 1 
an  d  cciu  t  ai  n  i  a  g  i  ,t  ,i  g  r.  of  h  ouui  t  ro  pi  a  e  by  d  robrom  i  de . 

Noa-otlieial  preparations  are  l!ic  sulphate  and  hydrohromate  of  Duh^i^iWi 
which  have  been  recently  introduced.  They  are  given  in  the  same  quiuitilM* 
as  atropine  sidls< 

Tlierapeutic  Uses,^ — The  numerous  changes  produced  by  atropine  una 
its  cougcnci^s  on  the  organ isui  wouhl  iutiicate  ior  theni  a  very  wiile 
sphere  of  usefulness  were  it  |K>ssiblc  to  elicit  their  action  on  one  orgso 
witliout  alfeetintx  others  and  this  difliculty  ntay  perlm})s  be  overc(tro* 
in  the  future,  when  tiic  different  iiuUviduals  of  the  series  have  btf*^ 
more  carefully  coni)nire(],  and  new  tropeines  and  other  modificatioiis 
of  the  tropine  radicle  are  available  in  therapeutics.  ~ 
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leripheral  action  of  tho  whole  series,  as  far  as  it  is  at  pn^seiit 

is  so   uniform  that  any  raeraber  might  be  used  tc»  elicit  it, 

cmly  one   that  hi«  come  into  general  U8e   Wiv  \\>j  peripheral 
L  atnipine.     The  purpri^es  for  which  atropine  is  eiuplojed  may 
ietl  into  groups  as  follows  ; 
rraat  or  Lessen  Secretions.  —  In  rare  cases  of  excessive  mlivaiion 

\vxs  proveci  of  service,  but  it  is  ranch  more  fiT^qucntly  used  to 
t!ie  ptM'ApirtUion,  especially  in  the  later  stages  of  phtliisis.  For 
r[i'3s«  oimparatively  small  quantities,  such  as  J  mg,  (2^5^  gr.) 
ly  the  mouth  or  hyjwderniically  are  generally  sufficient,  or  the 

or  tincture  of  bclkulonna  may  be  used  instead.  In  lociil 
g^  it  U  often  applied  locally  in  the  form  of  an  ointment,  lini- 
►r  plaster,  although  Tappeiner  has  found  that  it  has  no  effect 
thus  employe<i.  Atropine  is  also  used  to  arrest  the  secretion  of 
t,  for  although  it  has  not  the  iraraecliate  effects  on  the  raamniary 
p'j^scsses  on  the  salivary  glands^  the  secretion  is  diminished  and 
illy  cea-^es  under  its  inflneuce,  which  prevents  the  gland  receiv- 
y  stimnlition  from  the  eentral  nervous  system.  Belhidoiina  is 
'  applied  locally  for  this  purpose  in  the  form  of  the  plaster,  or 
inmonly  of  the  ointment  or  liniment. 
Paralyse  the  Cardiac  InMbitary  TeTminations*  —  For  this  purpose 
lly  larger  quantity  is  reipiired  thim  is  necessary  tu  stop  the  secre* 
nd  the  administration  of  sufficient  atropine  to  paralyze  the  vagus 
,)  therefore  involves  unjileasant  dryness  of  tlie  throat  and  diffi- 
swallowiug.  In  cases  where  slowing  of  the  heart  tends  to  be 
in  itself,  more  especially  in  poisoning  with  certain  substances 
discussed  later,  atropine  is  indicated.  It  niLiy  also  be  used  fi>r 
»tic  purposes,  to  find  if  bradycardia  is  due  to  flisease  of  tlic  heart 

or  to  inhibition.     It  may  lie  re|>eated   here  tluit  the  resultant 
Ining  is  much  less  in  old  than  in  middle-aged  people,  and  it  is 
that  in  many  cases  of  old  valvular  li^sion  the  administration  of 
H*  is  followed  by  little  or  no  acceleration.     Some  forms  of  inter- 
n  of  the  pulse  are  due  to  unusual  activity  of  tlie  inhibitory  appa- 
and  these  may  be  remedie<l  by  atropitie  ;  luit  this  intermissiou 
little  importance,  ami  s(^ms  to  rvqiiire  no  therapeutic  treat- 
Atropine  may  be  usetl  to  dingnose  it  frotn  thf^  more  significant 

pPtsent  in  organic  disease  of  the  hearts     The  use  of  atropine  to 
y*o  the  vagus  terminations  before  tlie  administration  of  an  ames- 

lias  Wen  discussed  alreaily.     (Spc  pnge  17* J.) 
Barailyze  the  Terminations  of  tlie  Motor  Nerves  in  the  Iris  and 
ly  Mnscles. — -It  is  used  for  this  purjiose  largely  in  ophtlinlniology 
loeatis  of  diagnosis  and  of  treatment,  and  the  precise  cimditions  in 

it  is  indicated  may  be  treated  l>etter  in  text-books  on  this  sub- 
here.      For  th€*se  objects,  solutituis  of  the  alkaloidal  salts  are 
Applied  to  the  conjunctiva,  when  enoni^h  of  the  alkaloid  passes 
eye  bv  a  prowess  f>f  imbil>ition  to  produce  marked  local  effects 
'out  aifectiog  more  distant  organs.     In  order  to  ^lilatc  the  pupil, 
'tfteljr  dilute  solutions  are  used  j  a  few  drops  of  a  solution  of  one  in 
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1,000,  or  even  \A'  one  io  10,000,  are  quite  sufficient.  Maeh  st 
solutions  are  required  to  imralyze  the  accommodation,  and  as  ag«*i]( 
rule  1  per  cent,  is  used.  Ttie^e  strong  solutions  produce  * 
paralysis  in  1—1 J  hours,  and  the  aaHiinmodation  does  not 
completely  until  after  5*-7  dayj^,  wliile  ttie  pupil  raay  not  r 
normiil  hize  for  10-14  days.  Tlie  application  of  even  weaker  .; 
solution  renders  the  sight  imperfect  for  au  inconveniently  long 
and  hyoseine  and  homatropiue  are  therefore  much  used  in  \is 
Tfie  symptoms  produced  by  a  I  per  cent,  solution  of  homatrupine 
off,  or  at  any  rate  become  very  much  Ic^s  marked  in  the  course 
hours.  These  are  consequently  preferable  for  diagnostic  pur[ 
wliile  atropine  is  rather  to  be  used  where  it  is  desirable  to  prcxli 
paralysis  of  longer  duration,  as  in  various  inflammatory  conditio! 
the  iris  or  cornea.  Atropine  is  also  preferable  where  complete  pa: 
of  the  accommodation  is  necessary,  as  homatropiue  often  fails  to 
this.  Atn>pine  and  its  congeners  are  contraiudif^ited  where  thei 
any  suspicion  of  glaucoma,  as,  owing  to  their  action  on  the  intra* 
pressure,  they  may  cither  aggravate  tlic  disease  already  present  or 
cipiLate  au  acute  attack.  When  dilatation  of  the  pupil  is  necessary 
there  is  reason  to  apprelicnd  the  results  on  the  intraocular  pi 
homatropiue  should  lie  employed  as  its  effects  can  \w  ivadily  conti 
by  cscrlne,  Numerous  cases  of  poisoning  have  arisen  from  the  e: 
sive  use  of  atropine  in  diseased  conditions  of  the  eye.  It  is 
asserted  that  it  passes  down  with  the  tears  tlirough  the  lachrymal 
and  m  absorl>ed  from  the  nose,  throat  and  stomacli,  but  as  a  mat 
fact  it  may  be  absorbed  from  the  conjunctiva  itself.  The  sympi 
are  generally  only  the  mihlcr  ones  of  atrnpiuc  poisoning— ^dryne: 
the  throat  and  slight  excitement— but  dimgerous  and  even  fatal  poll 
ing  has  also  arisen  from  its  lociil  a]ii>licatiou.  In  njany  cases  thi 
due  to  the  application  of  unnecessarily  strong  solutions  to  the  eye, 
on  the  other  hand,  some  patients  seem  abnormally  sensitive  to 
action  of  atropiue^  and  hyoseine,  or  better  liomatropine,  ought  to  be 
prefcrrwb  In  rare  cases  a  curious  inflammatory  condition  of  the  con- 
junctiva is  set  up  by  atropine,  and  this  is  often  supposed  to  be  due  to  , 
the  nsc  of  irritant  ]) reparations,  hut  sometimes  seems  to  follow  the 
appliention  of  the  absobitely  \mm  alkaloid,  and  is  ajjparcntly  an  idl<>- 
syncmsy  ;  it  may,  perhaps,  be  explained  by  the  arrest  of  the  ordinary 
secretions  of  the  lachrymal  gland  and  conjunctiva  in  these  ei«5€S» 
Sometimes  discs  of  gelatin  impregnated  with  atropine  or  honmtropiiie 
sulphate  (B.  F.)  are  applied  to  the  c^uijunctiva  instead  of  sohitimj^of 
the  salt^s.  JM 

To  Relax  Spasm  of  the  lEtestines. — In  various  forms  of  colic  atflH 
pine  is  of  very  great  service  in  lessening  pain  and  allowing  the  passage 
of  the  intestinal  contents ;  for  instance,  it  is  prcfcndde  to  morphine  i* 
lead  colic,  as  it  does  not  cause  constipation.  Hernia  and  volvulus  ai^ 
sometimes  re<luced  l>y  atropine  injected  hypodermically  (3  mg.  or  ^ 
gr.}.  It  is  often  iirescriljed  along  with  purgatives  in  order  to  Ie&«^ 
the  griping  which  they  produce,  and  has  been  used  as  a  laxative 
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^of  constipation  with  considerable  success.  For  action  m\ 
the  l»(>wt4  it  19  generally  prescribed  in  pill  form  as  one  of  the  extracts 
of  tielladonna  or  hyoscyumus.  The  object  of  prescribing  an  impure 
im^jxiration  iust^ad  of  the  alkaloid  \^  to  allow  of  a  strong  local  action 
al*«ng  the  intc^s^tinal  wall  along  with  a  slow  and  im[>erfect  absorption^ 
\\A  the  pure  idkaloidal  salts  are  liable  t4>  Ite  ahsi^rbcd  in  tlie  stoinach. 

To  Belaz  8i>asms  of  the  InvoluBtary  Muscles  of  Other  Organs.  —  In 
the  f^pismodic  oootraction  of  the  ureters  and  bile  ducts  due  to  calculi, 
aintpine  is  occasionally  [jrescribeil  eitlicr  in  the  form  of  a  pill  or  in 
**oKitioii  for  internal  use,  or  liy  hyjMKlcrniie  application.  In  some  forms 
^of  Oi^thma  supposed  to  be  due  to  coiitraetion  of  the  Itroncliial  muscles, 
troptne  has  been  applied  locally  by  means  of  a  spray  or  given  inter- 
nd  =itramonium  leaves  are  often  found  of  !x^uetit  when  made  up 
'i:  _    rettcs  and  inhaled  when  the  attack  comes  ou.     Some  cases  of 

a^thui;!  are  siiid  to  have  been  pprmaiiently  en  reel  by  treatment  with 
atropine  internally.  Anointment  of  atropine  has  also  been  applied  to 
the  cervix  uteri  >vith  the  hope  of  relaxing  spasm  (hiring  lalxvr,  but  tite 
reiialld  are  somewhat  questionable.  Perhaps  this  action  in  relaxing 
upAsmfMlic  contnictioii>^  of  nervous  origin  may  also  explain  the  beneficial 
effect**  obtained  in  cases  of  incontinence  of  urine  in  chiUlren  in  w^hich 
tii4Udomni  h:isi  long  l>eeu  the  most  relial)le  remetly. 

To  Lessen  P&in. — IWladonna  liniment,  jilaster  and  ointment  have 
loc^  enjoy  ml  a  considerable  reputatifin  as  local  anodynes  and  atropine 
had  r>ot  infrecpiently  been  injected  into  paintnl  areas.  This  anodyne 
aetioti  lA  verj'  weak  compared  with  that  of  cocaine,  however,  and  the 
pn^panttions  of  atropine  have  be^eu  less  use<i  of  late  years,  lu  some 
furmji  of  gasttralgia  atropine  has  also  l>een  suggest etb 

The  Effects  on  the  Central  Nervous  System  of  the  members  (»f  this 
ip  are  very  ditferent,  an<l  the  purposes  for  whicii  they  taw  ustnl  are 
liauiM^lricmliy  op(M>site,  Atropine  is  used  as  a  stimulant  in  various 
)nditioof^  of  depression  of  the  brain  and  meihilla  oblougatii.  Thus, 
cidlapse  its  hypodermic  inject iou  may  Ijc  uf  use  to  stimulate  the 
[linitory  and  vaso-constrietor  centres,  ami  at  the  same  time  to  tree 
heart  from  excessive  inhibition.  In  dangerous  poisoning  from 
Diiroolio  and  hypnotic  drugs,  more  especially  iu  opium  |M»isoiiing^ 
attiDpine  \\\\a  been  largely  used.  A  hing  and  weary  dis|>ute  as  to  the 
\'Hlue  of  atmpine  in  tliose  casc*s  has  been  carried  on,  for  the  hi?^tory  of 
rhich  the  reailer  is  retV^rred  tr»  tlie  recent  pajier  by  Hashford.  Tiie 
P'-uilta  indicate  that  atropine  is  useful  in  morphine  poisuning  througli 
liiiitilating  the  respiratory  centre,  which  is  the  danger  point.  But  it 
be  eni|>loyed  in  small  (|uantities  (Ko  mg,  or  ^i^^  gr.)  as  large 
such  as  have  fre^piently  been  advised,  teiul  to  depress  the  central 
?rvoud  system  and  thus  to  aid  rather  than  to  autagoniz*'  the  action  of 
pbine  on  the  respiration.  It  may  be  quest i<nied  wliethcr  in  any 
itn>|)ine  may  not  be  replaceil  by  caffeine  with  advantage.  The 
Br  8timulati*s  the  medullary  centres  lint  subse<|uently  paralyzes 
Ihcm,  while  eafleine,  even  in  ounparatively  large  quantities,  does  not 
WBBOk  to  have  a  depressant  action  in  man. 
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Atropine  at  one  time  had  some  reputation  in  the  treatment  of 
lepsy.  It  ha;?  l>een  shown  btJtli  choically  and  experimentally  thatl 
reputation  was  nndeserved,  the  nurnlx^r  of  attacks  and  their  viol^ 
being  rattier  inerea.sed  than  diniinished  by  its  exhibition*  Pussibt) 
belief  in  it.^  powei'8  arose  from  the  use  of  impure  preparations  oooti 
ing  hyoscyaniine  nv  hyoscine. 

In  some  spasinf»(lie  diseases,  snch  as  whooping-cough,  bellado 
preparations  liave  long  enjoyed  a  wide  reputation  ;  a  ])ii8sible  expli 
tion  is  that  the  iiyoscyaniine  may  allay  the  spasms  by  reduciagJ 
excitability  of  t!ie  re.spimtory  centre, 

Hyoseyamine  and  more  recently  hyoscine  or  scopolamine  have  1 
used  as  narcotics  to  depress  the  central  nervous  system  ;  they  are! 
to  hn  of  great  eifieaey  in  insanity,  producing  sound  and  refreshing  sU 
but  are  of  less  value  in  controlling  the  excitement  during  the  day,  J 
may,  in  fact,  inereaye  it,     Hyoscine  is  also  used  with  benefit  in  va 
forms  of  tremor  of  central  origin,  and  is  saitl  to  lessen  sexual  exd 
ment.     Its  liypnotic  action  does  not  seem  to  l>e  of  the  S4ime  natuf 
that  of  opiotu,  fi>r  in  sleeplessness  produced  by  pain  it  is  of  comp 
tively  little  value,  and  it  has  no  power  to  relieve  jvaiu  itself      It  dill 
from  eliloral  in  not  producing  deep  sleep,  for  patients  under  the  ia 
ence  of  liyriseine  can  always  be  aroused  and  aiY'  much  less  conf 
than  afU'r  chloral.     The  special   indications  for  liyoseinc  seem  to 
sleeplessness  due  to  abnormal  activity  of  the  motor  areas,  and  i 
forms  lif  tremor. 

Poisoning,  —  lu  cases  of  ])oisoniug  with  belladonna  and  its  allicfil 
treatment  is  purely  symptomatic.      In  the  excitenient  stage  setlatil 
may  be  tised  ;  perhaps  ehlornforni  and  ether  are  best,  as  their  effd 
are  more  transient  than  the  others,     ilorphine  has  been  advis4?d, f 
its  action  on  the  respinitorv  centre  renders  its  use  dangerous,  i 
severe  atropine  poisoning  the  stimulation  stx>n  passes  into  depr 
and  the  effects  of  the  poison  and  its  so-called  antidote  therefore  J 
plement  each  other.     Chlorofi>rm  and  ether,  on  the  other  hand,  i 
be  used  to  contnil  the  spasms  and  then  stopj>ed  when  these  pass  i 
In  the  depression  stuge  ealfeine  may  be  used,  and  eventually  artifi 
respiration. 
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iite  Agaric  { Afraricus  albits,  Boh'tim   Laricis),  a  fimgiLS  growing 

LEti rup ea a  la rt- h  t re€ ,  was  fo rnie r  1  y  ii  p ii  rgtit i ve  a n J  a ti t i  1 1 yd  ro t i e 
!  repute,  lU  use  to  lessen  the  perspi ration  (oiitUy^drojie)  lias 
evived  of  late  years,  or  nither  a  pri^paratiuti  known  as  a^uriein 
^DtaiuUi^  tlie  active  principle  Ikls  been  introdiR^cd  into  tlieru- 
Agarie  or  Aerarieinie  acid,  the  aetive  const  it  nent,  belongs  to 
|lic  acid  series  and  has  the  tbrmnla  t\  J  1^(011  ^(COOII)^. 

. — Both  the  aeid  and  Its  sodium  Siilt  irrhutetbe  mucous  merabmiiea 

fltir&Ges,  and  eause  hitttimiuation  and  €veu  siupiiuratitiu  when 

I  iabciitAaeou.4t  y .     Iai  r  ^v  « p  i  u  1 1 1  i  t  i  es  i  rv  i  Ui  te  t  he  » t  ti  raa  e  h  :  v  1 1  d  in  test  i  n  e 

tse  vomilin^  ami  purj^iuj?,  but  iheite  are  more  liiible  to  arise  from  the 

aguicin  owrng  to  Its  eouUiiiiiu;^  reshvous  aeiil^.     Injeetud  into  the 

iptric  acid  paralyzes  the  central  nervous  system,  wiMken.s  tbe  heart 

ppti  the  secretion  of  the  .^kin  glands.     In  maintiuils  the  intnivenous 

of  a^^arie  aeid  is  folio wetl  by  depression,  weakuea^,  dyspnoni  and 

t    The  medulla  obton^iila  is  tir^t  stitnalated  tiud  then  paralyzed,  a.s  is 

il  by  the  blofKl-pressnre  first  ri.sing  arid  then  fulling  to  zero,  while  the 

il^primiirily  slowed  by  inhibitory  aetion  anil  later  re|o::Lins  its  rhytlim, 

Pliiliully  fail  aft^r  the  arrest  of  tlie  breathinjcr.     Aniamls  eau  only  be 

Wed  with  difficulty  by  the  snijentaneoos  injection  of  Jigariian,  and  no 

^1  liympLoiiis  are  elicited  when  tt  is  administered  by  the  mouth. 

Jke  tntfet  interesting  feattire  of  the  action  of  agaric  siilts  is  the  arrest 
Sl»«  sweat  socpt^lion,  which  is  caused  l>y  peripheral  action,  for  stimii- 
P>Oof  the  nerves  of  the  cat's  foot  fails  tt>  elicit  pers|>iration  after  its 
P'^^'i'  It  thus  act:^  on  the  same  peripheral  mechanism  as  atropine 
Wi  prubahility,  that  is,  on  the  terminations  of  tlie  secretory  nerves, 
ioiffera  fpofii  atropine  in  acting  ivnly  in  the  sweat  glands,  for  the 

V**^***  ^o<*  iic^t  peaembleatmpine  in  \b^  prenenil  action,  nor  ia  itscbemieal  prop- 
**•*  U  tmy  be  inserted  at  tbi^  poinl  uatil  the^t?  are  more  hilly  elucidated. 
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^ini  ftO«l  Homoitoeommm^  are  also  present :  all  of  th^e  eontiiin  the  ecgonine 

tjajl«<'Ult  in  comhiniitioii  with  various  at-ids,  uikI  noiiiioe  mjiy  l)o  fonnt'd  from 
niliif  ihttiu  by  i^»hitiu<r  rh4^  ecgoiiiiH*  and  <'umbiniii^  it  wilJj  heti/oic  aci<l  and 
laMkiyl  Thes^  alkaloids  are  i)reseiit  in  tlu'  plant  in  very  >inuli  ijuunrhies 
i^B^mrHf  with  cm*uiiie  und  have  not  bc^'ti  LLst^d  thcrjipfntlrallyj  Anuiber 
gil  h  luLs  bet»n  found  in  the  Java  cocn  i.^  Tri$pm:ocnint\  which  is  a 

h,i  f  In^nzoic  add  and  a  bast*  (C„H,-.N(  >)  whit'h  wa.-*  formeHy  sup* 

|wm4u^  U.  identical  with  the  pj^eudotropine  drrived  from  hyosrint\  hut  has 
ht«^  **hown  to  l>c  of  diflerent  eonstitntion*  It  will  be  uben^rved  that  the 
fontiiUaof  ergon inc  resembles  very  chisel y  that  of  atn»pine,  each  coutaming 
tbf  (ftinr  nucleus,  but  dillering  slightly  in  the  radicles  attached  to  it. 


l\\v  fijn4  im^rtant  ifTtrts  of  ecK»aiiie  are  thoj^e  on  the  central  nerv- 
01  lul  oii_tli  V  nerves, 

bymytoLU5j. — The  ^vriipMHii:^  of  cocainc  poisoning  in  man  vary  a  ^ood 

«l«*al  In  fii[Vcn.»nt  incHviilimls,      In  most  eases  .small  quanlities  produee 

ftomr  excitement,  pleasuralde  or  disagreeable.     The  patient  is  ^ener- 

nlly  H'stlt^  and  more  garrulous  than  in  ordinary  life,  often  .somewhat 

anxbrwand  oi>nfased.     But  very  often  a  small  dose  is  followed  by  a 

rjf     '  ^roujj   state,  some  w  fiat    resembling   that  i  ml  need    by  Biiiall 

f;  1    morpiiine,  but  dilVei'ing  fnmi  it   in  there  l>eing  less  tend- 

t^PT  to  deep.     The  ptilse  is  accelerated*  the   respiration   is  quick  and 

rf(m  the  pupil  generally   dilated,  ntul  headache  ami  dryness  of  the 

ffiKmt  are  often  complained  of.     The  reflexes  may  be  fonnd  somewhat 

iDoreeiLsily  exeit-ed  than  usual  and  tix*mors  or  slight  convulsive  move- 

BJeots  often  cjccur.      Later  |^>weri"ul  tonic  nr  clonic  eonvnlsions  super- 

^'PtJt,  die  heart  becomes  extremely  accelerated,  the  Ijreathing  becomes 

^pu\  and  dyspniric  and  may  l>e  finally  arretted  during  a  eunvubion, 

[  in  other  <tu9es  the  convulsive  seizures  are  almost  entirely  absent  and 

:md  collapse  *iecnr.     The  skin  is  cyanotic  and  c»ihl,  the  heart 

i  wj^k;  the  n^spiration  is  very  much  depn\sscd  and  death  fol- 

j]iiw»  fnjin  its  gnuliial  ce^Ron.     Vomiting  is  occastoually  seen  at  an 

**riy  stage,  but  is  not  by  any  means  common* 

Id  the  di>g,  (*at  and  nd>bit  the  symptoms  tire  invariably  those  of 

^*'Hiilation  of  tlie  central   nervous  systenu     Sion  after  the  injection, 

™**  animal  shows  sympttmis  \^f  great  restlessness  and  excitement ;  it 

unable  to  keep  still,  the  dog  at  first  showing  all  the  signs  of 

[m  and  excitement  which    he  displays  on   orilinarv  occasions  on 

'  tinchatned  or  taken  t^ir  a  walk,  Vnit  afterwards  running  eontinu- 

bin  a  circle  and   paying  but  Iiftle   heed  to  anything  ariHind   htm. 

later  regidar  convulsions  occur,  and   these  are  at  first  clonic  but 

ly  afterwards  liet^ome  tonie,  and  then  n^semble  those  stt^n  in  strych- 

1  |¥Msoning.      Even  iH^fitre  the  eonvulsions  ap|xnir  the  animal  seems 

illy  imcnnsi'inus,  and  in  the  intervals  lH?twcen  them  he  lies  in  an 

tlpaUietic  state^  which  srwHi  dee|K*n8  to  coma  and  ileath  from  aspliyxia, 

in  the  fr»ig  a  e<»rfain  amount  of  stimulation  f>f  tlie  central  nervous 

i«  often  displayed  aft i*r  small  diKses — inen^ased  movement,  ex ag- 

~i«nited  it^flex  and  t>ecasionaIly  csouvulsions  —  l>ut  these  soon  pass  into 

*  Bj^prim^,  which  wn*  foirmcrly  «upiH>sed  lo  be  pre^nt  in  coca  lesTes,  has  been  shown 
H  lii«xi«l  ill  fbefih 
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depression  and  eveotually  total  paralyt*is  of  the  central  nervous 
while  the  peripheral  nerves  still  auiintain  their  functions. 

General  Action. — ^Many  of  tht^be  Kvmptnojs  point  to  a 
action  on  the  ^ntoLNe^ousSy^em,  resembling  elot?ely  tlu 
atropine  pu i ,"^0 iim^^^fluih  1 1 1  v  ga rr n I i t y  which  is  so  often  produ< 
cocaine,  indicates  an  inereiii^c-d  activity  of  the  cerebrum,  and  tb 
ereahed  movement  in  the  Iowct  animals  distinctly  points  to  an  afl*€ 
of  tliis  part  of  the  brain,  i'ur  the  movements  are  perfectly  eiH>rdini 
and,  in  fact,  in  the  early  stages  rci^enible  exactly  those  performi 
the  normal  ituinial  in  a  condition  of  excitement.  Further  evidfiii 
tlie  action  of  cocaine  on  the  cerebrum  is  offered  by  its  effects  on 
cular  work.  The  natives  of  Pern  and  Bolivia  have  used  it  for 
tnries  to  increase  tlicir  cndnninee  of  fatigue*  The  Waren*  of 
Andes,  for  example,  nnirch  for  hours  and  days  with  ver^'  little 
food  when  they  are  supplied  w^th  coca  leaves  to  chew.  The  eflccta 
c*ocaine  on  the  muscular  power  and  on  fatigue  have  been  iuvestiL 
also  by  means  of  the  ergof^raph  and  dynaniometer,  and  all  ohi^ei 
are  at  one  in  assert in^;  that  much  more  wurk  can  be  done  ; 
tlian  before  it,an<l  that  it  has  a  surprising  potency  in  rem**'.  :  ^ 
As  reganls  mental  work,  its  effects  are  less  known,  but  on  the  analc^J 
of  ealfeine  it  may  be  supposed  to  increase  the  mental  powers  also  whSli 
taken  in  small  qnantilies.  Some  travelers  in  South  A luerica  relat*; 
marvellous  tiik-s  of  its  prndueing  feelings  of  tlie  higljest  bliss  and*' 
IXAver,  but  these  have  not  been  confirmed  l)y  experience  in  the  actiia' 
of  cocaine  in  less  romantic  regions  of  the  globe.  Cocaine  in  ^mall 
quantities^  then,  increases  the  higher  ftmctions  of  jhe  cereb rimj ^ jvbik 
m  atiniewliat  larger  dosi^  tlie  stinnilant  elTcct  spreads  to  the  lower  arrt* 
and  prixluces  a~verygreat  increase  in  nuivetnenF,  aecomjtanit^l,  it  wouU 
seem,  by  a  depression  of  the  conscionsness.  At  the  same  time,  tlift; 
coordinating  or  balancing  powers  seem  afTeeted,  so  that  the  aDimil 
generally  moves  in  a  circle,  the  symptoms  resembling  the  forced  m^| 
meiits  often  seen  in  afleetinns  of  the  eerebellnnu  ^^ 

The  mi^tor  areas  of  the  cerebrum  have  been  found  to  be  niore  easily' 
etimnlated  by  the  electric  shock  when  cocaine  is  injected,  though  wko 
it  IS  painted  on  the  surface  of  the  brain  it  lowers  the  irritability,  owing  to 
its  actiim  as  a  general  protoplasm  poison.     Still  larger  cpiantities  iuduce 
convnlsionH,  which  are  not  of  sjnnal  origin,  but  point  rather  to  action 
on  some  nn determined  part  of  the  hind  l»rain.     At  an  early  stage  the 
medulla  oljlongata  is  affected,  as  is  shown  by  the  quickened  respiration, 
and  the  exaggerated   reflexes  indicate  stimnlation  of  the  spinal  ixyfJ^ 
whieii  may  he  so  great  after  very  large  doses  as  to  cause  conviilsious 
like  those  produced  by  strychnine.     The  action  of  cucaine  on  the  cen- 
tral nervt)us  system   is  prinuirlly  a  descending  etimulation,  the  cei*" 
brum  being  first  affected,  then  the  hin<l  brain  and  niednlla  oblongata* 
and  hist  of  all  the  spinal  cord.     Perhaps  it  might  be  better  express*?*! 
by  saying  that  after  small  quantities  the  chief  symptoms  arise  froOf 
the  cerebrum,  but  as  tlie  dose  is  increased  thuse  from  the  lower  part 
of  the  central  axis  tend  to  become  more  prominent.     After  the  stimU 
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1  rtif-re  succjeedi*  tlepression,  which  follows  the  stimulation  down- 
*,£ifft'cting  firj^t  the  cerebrum  unti  then  the  lower  divisions.  The 
stapi'S  ttfv  not  definitely  divided,  however,  one  part  of  the  cere- 
often  showing  distinct  depression,  'vvhile  another  is  still  in  a  con- 
of  excM'tisive  activity.  In  some  cases,  especially  in  man,  the 
of  excitenient  may  he  very  short  or  api>arently  entirely  absent, 
the  whole  amrse  of  the  symptoms  then  points  to  depression. 
Thr  Respiration  after  cocaine  is  mnch  accelerated  owing  to  central 
tinmiation.  A f  first  the  depth  of  the  movement  is  not  elTange(171>nt 
iTtErib^lerat ion  progresses,  the  air  inspired  witii  each  lireath  gradn- 
dl?  br0?ini€s  less,  l^i i  ri ng  t he  con v ulsiotis  the  respjratimUi?  irre|r u la r 
(»r(Ha^«-!4,  but  it  recovens  again  in"theTntervals,  until  after  a  very  vio- 
It'Dt'paK>xysni  it  fails  to  be  reinstated.  In  other  casc\s  the  breathing 
ici'oraeH  ^^lower  and  weaker  after  a  time,  and  evenltially  stops  from 
pafair><is  of  the  cent  re.  Periodic  respiration  is  fre<jyenlly  seen,  of  the 
fI>rto  generally  known  as  Chcyne-Stokes*.     (See  Morphine,  p.  213.) 

Thf  Oirculatioa  is  altert*il  by  ci>caine  owing  to  its  aetiou  on  the 

hitiPt  anil  on  the  vessels.      The  heart  is  nijich  ftccelerated  in  maKgrnalsj 

Mrhile  in  the  amphi!>ians  this  is  less  often  observed.     The  quickening 

lias  be»?n  ascribed  to  paralvsis  of  \\\^  inhibitory  terminations,  biiLtliis 

•^nji  not  to  1)6  the  case,  for  stiniujation  of  the  vagus  slows  the  heart 

Hep  late  in  the  i^oisoning.     The  Ipiy^  is  aci'clemted,  then,  either  by 

Ifffirt  m*t i <>n  «> f  1 1 1 e  m\\ sel e  or  1  >y  st i n i y lat ion  of  the  accelerator  me<'h- 

amgni.     It  is  rdteti  slow   l>e  fo  re  death,  I  nit  apparen  1 1  y  n  ot  invariabi  y , 

aSd  Oiis  is  pn>lmbly  due  to  direct  action  on  the  muscle.      In  the  fnig^s 

lw*an  the  inhibitory  apparatus  is  pandyzed,  the  ganglia  Uing  aflected 

itt  the  snme  way  as  l)y  iMiniine  and  other  drugs. 

The  vessels  ar*^  nm^^h  *v>"^'-'''*^>*'  i"  ^hr  pnrlJtT  stages  of  p>i&oning> 
tnd  this,  ti>gether  whli  the  increased  rate  of  the  heart,  lead.s_t_(i  a  very 
0£>i^ch>rable  ri^  in  tTi^e  blcMxl -pressure.  The  c^Histriction'drthe  vessels 
tteemg  partly  due  to  stimulation  of  the  vaso-constnetor  centre,  for  sec- 
tion of  the  spbinchnic  nerves  leads  to  an  immediate  depression  of  the 
'  I  tension.  But  cijcaine  also  exercises  a  direct  action  on  the 
wallSf  for  itjj  hw^al  application  leads  to  constriction  of  the  vessels 
blanching  of  the  mucous  membranes,  It  has  not  been  determined 
how  fiir  this  direct  actif*n  on  the  vessel  walls  affects  the  Idood- 
iPU  when  cx>ciiine  is  alisf»rl>iMl  or  when  it  is  iujectetl  irdraven- 
The  blcwjd-pressure  subhwpientlv  falls,  apjmrently  from  |K»riph- 
iictti>tiy  if  Anrep's  assertion  that  stimulation  of  the  sphmehnic 
prodnoe^  no  further  rise  of  pressure  be  correct. 

**     -  on  the  ■  "*      ea  and  Mnacl^S  are  disputed,  for 

^>  thatsniiki  .ase  the  strength  of  tile  muscular 

tractions  on  electrical  stimulation  h<A\\  m  man  and  animals,  whil** 
^rn  have  f^iiiiHl  t<i  obtain  any  such  etfect* 

^ftur  the  injection  of  cocaine,  Anrcp  observed  marktHJ  pallor  of  the 
and  powerful  peristalsis,  while  very  large  doses  causeil  iHla- 
of  the  m<*s»t»nteric  vessels  ami  lesseruxl  tlie  movements  of  the 
'Wd  proboibly  thf\)ugh  pamlyring  the  local  nervous  mechanism. 
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The  TJrme  is  sometimes  said  to  be  increased  bj  cocaiQe,  wh 
other  iriHtanct."8  its  iiijt^ction  bas  been  folio wecl  by  total  anuria 
for  iieveral  hours.     This  suggests  that  the  action  is  not  a  direct  oa 
the  kidney,  but  is  caused  merely  through  the  changes  in  the  calit 
the  vessels. 

The  otlier  Secretions  seem  rather  decreased  than  augmented, 
very  marked  etlects  are  produced  on  tliem. 

The  Temperature  is  generally  increased  in  cases  of  poisoning,  \ 
times  rising  as  much  a^  :j--5^  C.  above  the  normal,  apparently  \ 
some  disorder  of  the  heat-regulating  centres  of  the  bniio.     lin 
and   Ricbct  observed   that  tlie  liigher  the  temperature  of  the 
the  more  easily  were  convulsions  produced  by  eocaine  and  the  i 
severe  their  type. 

It  used  to  be  supposed  that  eoeaine  retarded  the   Tissne  Change ' 
that  less  food  was  required  wbeu  it  was  supjjlietJ.     This  was  bused  oal 
statement  of  the  en  durance  of  tlie  uutivcHof  Houth  America  when  tlieyi 
u  Ho  wed  to  chew  eoeii  leaves^  and  on  the  fU^covery  thai  the  leaves  alsKU 
hunger  to  some  degree.     But  the   iuereiise  in   the  working:  power  is  < 
the  ellects  on  the  t't^ntrtil  nervous  system,  while  the  eravin^  for  food  is] 
ahly  lessened  owin^to  the  eocaine  inducing  numbness  of  the  sensory  l 
of  the  stomach  tlirr>ujj:h  its  loeal  action. 

A  curious  eireet  of  cocaine,  noted  by  Elirlieh  lu  mice,  is  a  wide 
destruction   of   the   hepatic   eells^    which    become    vaeuoiated    and 
necrosed.     The  liver  is  much   inereased  in  size  and  looks  pale  from  1 
iufiltration^  which  is  also  present,  but  which  is  not  so  characteristic 
vacuoles. 

Some  cocaine  is  Excreted  by  the  kidney  in  the  dog  when  it  ii 
sorbed  into  the  blood,  biit  JKi^ierjcetiL  otiliaX  itigestedJi^ 
the  tissues,  and  this  ig  the  fate  of  all  of  it  in  the  rabbit,  in  w^hich 
oxidSion  prcceetlsvcry  rapidly.     It  is  uuknawn  wdiether  it  isoxidiai 
in  man,  who  is  much  more  susceptible  to  its  action  than  the.se  aniniak 

Local  Action,  —  Cocaine  applied  hically  in  most  part^  of  the  bodf 
prothiccs  a  Ions  of  sensation  throu^li  its  paralyzing  the  TarmmaMoajfl^ 
some  of  the  Beusory  Nerves,  piirticidarly  those  conveying  impressioM 
of  pain  and  touch.  It  is  oAen  stated  that  the  end  organs  of  the  uer^** 
eoncerued  with  the  feeling  of  heat  and  cold  are  also  disorganized,  but 
the  exact  researches  of  KicBOW  show  that  this  is  incorrect,  and  ths* 
heat  and  co!d  are  recognized  as  readily  as  in  the  unaffectetl  parti?  of  the 
body*  Cticainc  applied  to  the  tongue  remnves  the  taste  of  bitter  sub- 
stances, while  sweet  and  acid  Huids  lose  their  taste  only  partially,  aii^ 
salt  is  recognizeil  as  easily  as  usiial.^  A  solution  applied  to  the 
raucous  mcmV>rane  paralyzes  the  sense  of  smell  entirely.  The  ana?i?thesi 
or  insensibility  to  ptiiu  and  touch  may  be  induced  in  any  of  the  uiacoC 
membranes  that  can  l>e  reached  by  cocaine  in  sufficient  concent ratitFi 
pharynx  J  larynx,  oesophagus^  stomach,   nose,  eye,   urethra,  bladd^ 

*  A  cnrions  contrast  h  presentetl  in  this  respect  hj  gymnemic  acid,  which  is  oMair» 
frum  tli«  Gvmneaia  silvestre,  and  which  reuiuvea  tUe  sensatSim  of  sweccneai,  wim- 
•^bitter"  is  lesK  affected  and  **acid"  and  ■**alt*'  ans  recognizeti  vl»  readilj' ts  Qn^ 
Gyionemic  acid  dties  not  affect  any  other  eensc  organa,  us  f ar  aa  b  koowiii  aod  b^^ 
fact,  devoid  of  iiilerci»t^  except  as  regards  ita  effect  on  taste. 
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va^ftDc!  rectam.     Applied  to  the  unbroken  ^kin  its  effects  are  less 
mirked,  as  it  penetrates  but  slowly  tbnHigh  the  horny  epidermic  ;  Ijut 
wlieo  the  epidermLs  is  remov^eJ   by  jibfiisioiis  or  by  skin  diseusc*,  the 
(otaoeous  organs  of  seo^tioo  are  acted  on  in  the  same  way  as  thoj^e  of 
ji-ous  merabnines,     Tire  deeper  si.»n?*ory  terminations  eaii  also  be 
HI  by  hvjKMJermic  iiijeetioii,  wbicli  cjiii!^u,s  n  fLHiliiig  of  nuTnbness 
3ntl  the  relief  of  pain   in  the  part      Ilypoderfnic   injection  reaches  not 
mk  the  nerve  terminations  of  the  subcutaneous  tissues,  but  also  the 
Baer  ncnre  bundle-s,  and  these  too  are  rendered  insensible  as  far  as  the 
NilutioQ  extends  to  them.     The  part  may  therefore  be  cut  into  or  be 
s»ifjwti*il  toother  sur|»;ical  treatment  without  pain,  as  lon<^  as  the  knife 
tenot  paas  beyond  the  area  to  which  the  drug  has  penetrated,  and 
umulk^rs  of  grave  surgical  operations  have  been  |Kirforraed  under  the 
fc^  aiifl^the^ia  produced  by  cocaine.     Injected  iuto  the  neighborliood 
(*f  Sk  nerve  trunk,  cocaiue  penetrates  into  the  fibres  and   induces  ames- 
thtsis^  of  the  organs  suppliei!  by  the  nerve,  and  injected  into  the  spinal 
canal,  can5.es  aoiesthesia  over  large  areas  of  the  body,  sometimes  over 
almost  the  wht>le  body  ;  tins  is  probably  due  to  its  acting  on  the  pos- 
terior roots  of  the  cord.      It  miust  be  noted  that  the  anngsthesia  is  only 
]  bv  the^local  apj)lication  ofthc  druj^,     Tlie^  internal   admin- 
.  :i  only  kids   to  a   partial   loss  of  sensation  in   the   throat  and 
^totnach,  and   no  antes thesia  is  induced  by  its  action  after  it  reaches 
l*"e  blofid  vessels.     Tlie  reason  for  this  evidently  is  that  in  order  to 
"^♦r^UTce  the  sens<-)ry  fibres  and  terminations  a  considerable  amount  of 
>  drug  is  requirt'd,  but  much  less  is  necessary  in  paralyze  the  central 
i  system.     Even  io  the  fmg,  tlie  sensory  tcrniiuations  are  not 
iilyzetl  until  all  symptoms  of  reflex  excitability  have  disap- 
[  and  total  paralysis  has  supervened. 

A  good  ileal  of  discussion  hiis  arisen  as  to  whether  the  action  011  the  sen* 
^tylWTiii nation 3  is  a  specitif  one,  or  whether  they  are  panilyzed  before  the 
'etidiiigs  simply  be<.*ause  the  cocaiue  comes  in  coutaet  with  them  lii*st  — 
r,  iu  fact,  if  both  endings  were  exposed  eiimilly  to  the  aetion  of  the 
(tUf^  «»  occurs  when  it  is  distributed  by  the  blood  ve^ssels,  the  sensory  t-er- 
loo^  would  \h'  specilically  attacked  and  the  raotor  left  unaffected.  The 
wins  j&l  llrst  supposed  to  tie  a  speeitie  one  on  the  sensory  terminutious, 
%ad  It  wad  eUted  that  eocatne  acted  on  the  sensory  termination^  in  the  same 
^cliscUve  way  as  eumra  doe«  on  the  motor  emlinp^.  There  seems,  however, 
ta  be  00  ground  for  supposing  thai  thia  is  the  case.  At  the  liatne  time 
iroraine  pometaacB  a  distinct  selective  pfiwer  f<ir  the  sensory  nerve  trunks  con- 
Keyiniif  !<«iittaliosi0  of  |niin,  for  when  it  is  injected  into  the  spinal  e^uial,  there 
IboAen  rompleto  insensibility  lo  pain  while  wannth,  cold  and  toiieb  seusa- 
slill  j^MTceivetl  nud  the  motor  functions  iire  unchanged. 

Wlien  oociiiue  is  applied  h)cally  to  a  mucous  membrane  it  pmduees, 

\m  lo*is  of  sensation,  a  feeliu^of  constriction  and  a  distinct  jiallor 

Itractiou  of  the  v^sels,  which    iioiuts  to  a  local  action  on  the 

'walls. 

The  aogathcsia   pRKlueed  hy  cocaine  is   companitively  shorty  but 

[  varies  wilh  thestrt^n^thof  the  solution  applted^mrwithTtbe  vascularity 

,  m*m  as  the  oocaine  is  absorbed,  the  loc4iI  action  disap- 
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It  produces  luciirtime^itit^a  Jiore,  alouj^  with  CLvulmetum  ofTIte 
junctival  vessels,  and  this  is  folLnveJ  l>y  dilatation  of  the  pu|>il 
often  by  partjaMoss  of  the  pt.>wer  of  aecommodatJou.  The  dJlata 
of  the  pupil  is  much  leas  than  that  produeed  by  atropine,  and  di 
from  it  ill  several  respects.  Thus,  the  H^i^ht-refl"^  '^^^  p*''^^^TVfi], 
pupil  coutraetiug  iu  Itright  lifirht  and  dilating  further  in  tJie  dark 
nunil)er  of  druj;]:s  wliicOi  luive  little  or  no  effect  after  atropine*,  conl 
the  eoeaini/.eil  pupil  (pilocarpine,  niusearine,  phy9i:»stigmine)^  m 
atropiJie  dilates  it  still  further,  and  cocaine  produces  some  dilatji 
after  the  full  atropine  action  has  been  elicited.  It  is  evident,  tl 
that  the  two  druir-s  jirwluce  dilatiition  by  acting  on  different  mec| 
iams,  and  although  the  way  in  which  cocaine  dilates  the  pupil  ha 

Fig.  28. 


T>iagTam  of  the  inncrTatloii  of  Ihp  irli.     P,  a  fibre  of  the  motor  oculi  iMMt.'^Snij!*  fmnj  the  bnl] 
ciliary  ji^Htigiifio  .V,  in  which  it  tcnuinBtcft  amuiid  h  D«;rve  eel!,  wbicli   HfnJ*  ah  uiiis  cyM 
temifiiatc,  *Vj"  t^^*'  circular  Obrt-a  of  tht?  Iria,     il,  i\  ^piiinl  ut^rve  fibre  issuinjf  from  the  loircf  f 
conl,  ruutiitjg  through  tiie  BteJlat*  and  iuferior  cervical  tfuiiffJia  and  lerriduiititi^  arontiit  a  | 
ceil  in  llie  superior  ecrtlcai  K^LtgHuD,  U,    The  axis  cj  iluder  frumi  thi?*  ni»rv**  cell  nm»  l4j  Ih*'  tf 
in|{  the  ciiijiry  KaTiglUJiJl  aod  ttzirmliiute^^  '\\\  fibriiw  V.  an  tim*  radiatitjg  liitn  •»      t\  %*  On*  pol* 
CDcalne  Atiiuiilal*^s  and  tlie  ruitiilijitot  L>4intractioik  of  tlit^  iiiii.hclc  flitirii*  l-aush'^  dilaO  t     '  " 
when  Rtrniip^  iniiTiilM^-*  d«:**ecTid  to  -V,  a>i  tiapraetiai  when  the  eve  iHexpo5H>d  (o  \m^,\ 
nmsuie  «vcn^>nip*i  tin- weaker  radiatijig  fibril ^  and  tiie  jinpii  in  coiitrBetcd.     In  M 
{tfhnnltttioii  of  M  hy  Tnu^tcarimc  ovcreooies  the  sthuulaUuti  uf  ('  by  cixaiue,  while,  i-i.  ui.-  Miutffl 
when  M  is  paratTztHl  by  atropine  and  ih«  olrcular  flbn?s  are  tiiu«'tliruwfi  «ntt  cif  tictiiiu,  Ums  rwSik 
musHstea  an3  uuoiipoe(ed,'and  coealuCiaMiBM  a  greater  dilutAliou  than  in  the  normal  eve. 


a  raatter  of  dispute,  the  great  majority  of  investigators  now  hold  1 
it  stimulates  the  terminations  of  the  dilator  fibrt^s,     (Fig,  2H,) 
motor  oeuli  is  not  invoI%Td  in  its  effects,  unless  very  large  quanti 
are  applied,  when  its  termi nations  may  be  depressed  in  the  same  ' 
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>ptiie  (Schuhz),     A  strong  arg-nnient  in  fiivor  of  t!u«  view 

>vt»  iuLs  been  tbuad  in  the  observation  that  when  the  dilator 

Serves  d^geoerate,  awing  to  rs^val  of  the  suj^erior  cervical  ganglion, 

ff^atut!  fi^ilAto  canse  dilatation  jTt he  ]>ypi{,  "  ^ 

vend  other  sympFi^nns  are~]3nL»dllfi»d-  by  the  local  application  of 

tint  to  the  eye,  at  any  rate  in  some  instances.     Thus,  the  iris  ves- 

liel^an?  siimetimes  much  oonstneted,  tlie  eye  Ia  more  widely  open  than 

1  tt^^,  9o  that  the  white  sclerotic  is  seen  alcove  and  below  the  iris,  the 

wIkJc  eyel>all   is  pusherl  forward  (exophthalmos),  and  the  intraocular 

U*osi»>a   is    sai<l    to   be  ct>nsiderably   rcducetl.      All  of  these  features 

are  pffxliieed  only  after  cocaine  has  been  applied  in  considerable  quan- 

linaml  for  some  time,  and   may  be  due,  at  any  rate  in  part,  to  its 

a*w<»fpt»oQ*     They  may  all  be  observed  in  the  un poisoned  animal  when 

the  ciTvir^d  sytn(>athetic  trunk  is  stimulated,  and  therefore  seem  to  in- 

Ldiiatea  special  action  of  cocaine  on  the  centres  or  terminations  of  this 

All  of  these  symptoms^  except  the  amesthesia  and  the  pallor  of 

» oOQJiinctiva  and  iris,  are  produced  by  the  injection  of  cocaine  as 

II  as  by  its  local  application,  but  in  tliis  cas<.-  are  prevented  by  pre- 

U*i#Hi5  ^.M'tion  of  the  cervical  symp:ithetic*     Cocaine  does  not  pnxluce 

Imny  dilatation  of  the  pupil  in  birds. 

Cbcaine  brought  into  immediate  contact  with  nerve  terminations 

I  them,  but  this  is  true  fur  so  many  other  forms  of  living  matter 

ly  lie  regardetl  as  a  General  Protoplasm  Poison*     Thus  muscles, 

nerves,  and  nerve  ends  cease  to  contract  or  to  conduct  stimuli  when 

tbcT  are  expensed  to  even  very  dilute  solutions  of  cocaine ;  the  ciliated 

I  tpitlu^lial  cells,  leiic<:>cytes,  and  sfKTroatozoa  become  motionless  j  the 

dl  nerve  cells  lose  their  excitability^  and  many  of  the  inverte- 

ar^?  killed  by  even  a  short  exposure  to  cocaine*     The  move- 

^^nis  of  protoplasm  in  plants  are  also  retarded  or  entirely  suppressed  ' 

by  ihiji  jioison,  and  the  prooe>sS  of  putrefaction  is  delayed  considerably, 

I^Hirvmr  eiises,  notably  in  the  higher  invertebrates,  the  final  depression 

|*H  [ '  by  a  stage  of  inrrease<l  movement,  and  it  Is  said  that  the 

[ItTiLi  f  i>erve  is  also  augmented  at  first.     In  other  instances, 

tiwever,  cocaine  induces  only  depression  and  paralysis. 

examples  of  this  destructive  action  are  also  seen  in  the  thera- 
of  cocaine,   for  the  cornea  is  often   rendered    somewhat 
ivitiAv  from  ita  application,  and  its  subcutaneous  injection  is  sometimes 
JowihI  by  necrosis.     Victims  of  the  cocaine  habit  of\eD   show  nu- 
I  mmrs  on  the  arms  and  legs  from  this  local  gangrene,  altliough 
19  probftbly  often  due  to  unsterilized  syringes  rather  tlian  to  the 

iolHMl* 


Voii  oi  the  other  natural  alkalosis  resemble  cocame  in  many  points  of 

.IS  &r  as  they  have  Iti^en  investigftied^  hut  some  of  the  artificial 

rcsctit  flivtrjjcnees  from  the  general  type.     Thus  a  tmmlK*r  of 

'  '      L'l,  nllhough  most  of  the  ri earl)' all irfl  furnis 

in  the  liver  cellj*  ;  some  of  them  dejmrt  <?n- 

i^titiiK 

t  i*:irdiAc  pobotif  but  Ita  ai'tion  on  the  hmrt 
to  n^swmDu-  in  ireiRrai  uittl  of  co<*aitie.     It  has,  however,  a  much  more 
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intrude  action  an  muscular  tissue,  which  it,  like  caffeine,  Ihm. 
nirtrti.s.     lis  anu-'stlietie  power  is  very  isijiall. 

BettzoytfT^onine  is  a  comparatively  weak  body^  which  pnxJ 
resembling  eafteine^ — increased  reflex  exciuibiiily,  muscula-i^ 
rigor — arid  eetfonine  h  still  less  active,  hut  elieits  hi  frogs  sm:i.i  M^ 

8ome  ttuthorities  regard  the  mu^enlar  actiou  of  ealleiiie  «..f^ 
factor  ill   its  ]ireveiitiiig   fatigue^  and   the  presence  ofeoeair^^ 
leaves  might  he  used  ta  explain  the  similar  etleets  induced  h^     ^ 
tpiantity  is  prolmbly  too  small  to  have  any  notieeable  action.  ^ 

Tr&pacocGine  resembles  cocaine  Aery  closely  in  its  general    ^^*"^^^^. 
less  poisoDous.     It  produces  I  oca!  aiia^'stliesia  more  rapidly  but     :*^^-^ 
time  than  cocsiney  and  causes  less  dilat^tiou  of  the  pupil. 


Pbeparatioot. 
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Coca  (IT.  S.  P.),  the  dried  leaves  of  Ery throxylon  ooca,  contain^^^ 
cent,  of  eocaine, 

Exiractiim  Coac  Ffuidum  (U.  S.  P,),  2-4  c.e,  (^-1  fl,  dr.). 

Ejrtnwivm  Coar  Lttinkhim  (B.  P.),  j-1  (L  dr.  ^^ ^^^  ^ 

CwAiNA  (B,    W),  an   alkaloid   (C,,IL,NOJ  obtained  from  the   I^^"      t^ 
Erythroxylon  eoca  ami  its  varieties,  forming  colorless  erystjds  witb  -** 
taste  followed  by  numbness  ;  iiisolulde  in  water,  soluble  in  alcohol,       r^^^* 

COCAIN.K  HyURui'HLORAS  (U.  S,  P,),  CYiCAINT.T^  HYDKfKHLORllirM ^  ^^^^/^ 


(r,7H.jjXt);Hii),  colorless  crystals,  very  sohible  in  water  and  in  dl^* 


a- 


walerv  solutions  C4iuuoL  be  lioiled  as  the  alkaloid  tcMidtj  to  decompose, 

O.Ot;  6.  (J-1  gr^. 

LameUie  Pocahiip  (B.  P.),  each  cont^iins  f^  gr.  of  the  hydrochloride 
Injidio  ih/'iiifue  Htfpodermica  (B.  P.),  10  per  cent.,  2-5  mios. 
I'ngtteiitum  (ocainie  (B,  P,)^  4  per  cent.  ^ 

Trochkci  Kfameris:  et  Cocainm  (B.  P.),  each  contains  ^j  gr.  of  the  hyt^ 

chloride. 

The  Therapeutic  Uses  of  cocaine  are  almost  all  dependent  on  its  a^^ 
aestlietie  action.  It  has  I *een  suggested  as  a  brain  stimulant  in  variot^* 
oonditiona  of  mental  depression,  Init  has  not  lM?cn  widely  used  for  thf  ^ 
purpose,  which  is  better  served  by  tlje  less  dangerotis  cafl'eine.  ^ 
wine  wuitaiuing  coca  extract  is  often  usetl  iu  domestic  medicine  as  £* 
**  general  tonic/'  and  has  rej)catedly  given  rise  to  the  cocaine  habit. 

Its  anaesthetic  properties  render  it  extremely  imjM>rtant.  In  oph- 
thalmic surgery  it  is  used  very  kirgely  both  during  operations  and  to 
alleviate  pain,  and  occasionally  to  constrict  the  vessels  of  the  iris  in  in- 
flammalory  conditions.  For  complete  auitjstfieaia  a  4  \wt  cent*  solution 
may  be  eraployed,  while  to  allay  pain  one  of  1-2  per  cent,  is  all  that 
is  necessary.  The  antesthesia  is  of  short  duration,  geuerally  setting  in 
after  5-7  minutes  and  passing  off*  20-30  minuter  after  the  application 
of  the  drug.  Occasionally  cwniine,  especially  in  strong  solution^  pro- 
duces a  cMirtaiu  amount  of  oiiacity  of  die  cornea,  and  it  is  stated  that 
wounds  heal  less  readily,  and  irritant  antiseptics  are  more  dangerous 
with  cocaine  than  without  it.  This  may  sometimes  be  due  to  the  use 
of  impure  coc^iine,  but  it  may  be  noted  that  cocaine  is  a  protoplasm 
poison,  aod  may  therefore  lessen  the  iTsistance  of  the  tissues  with 
which  it  comes  in  contact.  Tlie  usual  explanation  given  that  cocaine 
paralyzes  sensation  in  tlie  cornea,  and  thus  prevents  the  reflex  winking 
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es  foreign  bcnJies  from  the  surface  and  keeps  the  eye  moist, 
muaW  itisufl&clcnt,    as    the  anaesthesia  is  of  but  short  dumtiou. 
'.*n  of  the  pupil  produceil  by  cocaioe  is  much  less  complete 
rr      i  uler  atropine*,  and  can  only  be  tnkvn  iKlvantiige  of  in  dia^- 

^^1^0^  very  dim  Hg'»t,  as  the  |>n}vii  contracts  in  bright  light 
>  its  norinal  bvx^-  On  the  otifer  hand  e^jciiitie  is  much  less 
Sous  in  crUiucoina  and  the  dilatation  can  be  removed  at  once  by 
imtilUtioii  of  a  few  dn^ps  of  physostigraine. 

n  the  D<>*^  tViroat  and  larynx,  cocaine  is  nsed  in  a  solution  of  4 
cent,  sometiraes  10— 2i*  jK^r  cent,,  and  anaesthesia  is  obtaineil  with 
Iter  difficultv  than  in  the  eye,  but  the  local  contraction  of  the  ves- 
I »  often  of^  great  service*  Cocaine  is  used  largely  in  operative 
jcwkre  here  antl  also  in  the  treatment  of  irritable  condidi*ns  of  the 
mimtory  passages,  such  as  hay  fever.  In  the  nrethra,  rectum  and 
noa,  cocaine  may  also  l>e  used  either  as  an  antesthetic  or  to  relieve 
Mtt  lemporarily-  It  is  sometimes  of  service  in  painful  or  itching 
on  iiiseasea,  but  care  must  lie  taken  not  to  apply  it  to  large  broken 
■boes  otherwise  syra})toms  of  poisoning  ntay  follow.  The  hx^al 
on  the  stoaiach  is  often  valuable  in  cheeking  vomiting  due  to 
irritation - 

many  years  after  its  introduction  as  a  local  anesthetic  in  1884, 

practically   limited   to  minor  operations   in  the  nose  antl 

anil  lo  ophthalmic  surgery^  few  general  surgeons  venturing  on  its 

tvon  in  other  fields.      Within  the  last  few  years,  however,  its  use 

WMlergonc  a  wide  extension,  so  that  almost  all  the   major  surgical 

have  been  performed  under  it  and  local  aiuesthesia  by  means 

ine  or  encraine  has  now  become  a  rivid  of  ether  and  chloroform. 

ioaally  partial   local  anaesthesia  is  cunibined  with  the  ad  minis  tra- 

of  small  quantities  of  chloroform  or  ether,  whicli  are  insufficient 

{iri>dace  complete   unconsciousness,  but   cause  a  numbing  of  the 

lO,  which,  together  with  the  local  action,  permits  of  a  painless 

n.     At  first  strong  solutions  were  injecte<l  t^i  prepare  tlie  way 

knife,  each  step  forward  in  the  operation  I  icing  preceded  by  an 

ion  of  eoc:aine  to  induce  aiuesthesia  of  the  htyer  of  tissue  to  l>e 

But   this  method,  which   has  been   used   chiefly  by   Reclus, 

red  dangerous   quantities  of  the  drug,  and  is  n<^w  searcely  used 

pt  for  minor  operaticms  in  which   a   single  injection  is  sufficient. 

satisfactory  method  of  local   aniestliesia  for  o|>crative  purposes 

D  iatrcxlucetl    by   Schleich    un*ler   t!ie   name   of    **  infiltration 

A   large  quantity,  sometimes  as  much  as  200  ex.,  of  a 

ufion  containing  0,01    per  cent  J  of  cocaine   and  0.8    per  cent,  of 

>um  chloride     is   allowed   to   permeate   the   tissues   through  a  fine 

"y|Kidennic  needle.     Only   very  sligtit  pressure  is  required  and  the 

wit  of  the  surrounding  structures  become  swollen  and  (ledematous 

*"'lcan  be  cut  into  without  pain.     Much  of  the  fluid  escapes  through 

Ulfiiiioiia  and  no  symptoms  of  poisoning  arise.      Schleich  attributed 

^Unstbesia  partly  to  the  pressure  exerted  by  the  solution  and  partly 

^SocDe  operators  ti«e  a  Q.  1  per  cent,  aoltitlon  and  then  less  is  iQJected. 
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to  the  imbibition^  but  later  inveiitigators  have  found  it  to  be  dep 
OD  the  cocaine  alone.*     Another  tiieth<jd   suggt^sted   bv  Oberst  ^ 
injection  of  otxaine  into  the   imniediate    neighborhood   of  tlie  m 
supplying  the  part  to  be  operated  on.     Complete  local  anie^iliesij| 
obtained  and  the  absijrption  fnay  often  be  prevented  or  retarded  hv| 
Esmarch    ligatin^e   iM^nug  applied   abjve  the  [K>int  of  injection.     " 
niethtKl  has  been  used  extensively  in  operations  on  the  foot  and  I 
for  which    it   is   aJmirably  suited.     It   is  difficult  to  adapt  itto( 
parts^  of  the   l>ody  and   it   has   been  generally  relegated    to  the 
surgery  of  the  ex  I  realities. 

After  it  was  found  that  the  nerve  impulses  from  the  periphed 
the  central  nervous  system  could  lie  lilocked  by  the  injection  of 
into  the  i>eripheral  nerv^es,  the  next  step  was  to  obstruct  them  hig 
in  their  course  by  applying  the  alkaloid  to  the  spinal  rooti^iaj 
vertebral  canal.  The  first  to  attempt  this  was  (.  orning  of  New  Yo 
but  the  development  of  the  procedure  is  due  to  Bier  and  TuflSer. 
long  hollow  needle  is  passed  into  the  spinal  canal  between  the  la 
of  the  lumbar  vertebrse  and  1  c.c,  of  a  2  p?r  cent,  solution  of  0*jcai3 
hytlroclilonite  is  injected,  after  the  withdrawal  of  an  equivalent  amouflf' 
of  cercbmspinal  fluid.  The  actual  aoiyunt  of  cocaine  injected  is  tJill| 
0.02  G.  {^  gr.J.  Witliin  a  few  minutes  numbness  begins,  generally  in  ik 
feet  at  first,  but  sometimes  in  the  lower  part  of  the  trunk  ;  it  spread 
upwards  rapidly  until  sensibility  to  pain  is  lost  ever)* where  below  the 
diapfu^igm  and  s^imetimcs  in  the  thorax  ;  in  some  cases  even  tbe  he«l 
has  been  found  anjcstlietized.  The  seosjitions  induced  by  warmth  and 
aAii  are  less  (|uiekly  affected,  touch  Is  preserved  to  some  extent  and 
tlie  limbs  atn  l>e  moved  readily,  though  the  movements  are  carrirf 
out  more  slowly  than  usual ;  the  consciousness  is  unimpaired,  Thi§ 
condition  last.s  from  half  an  hour  to  an  hour  and  then  sensation 
returns  gradually.  In  the  beginning  of  the  action  some  miiscoljif 
twitching  is  often  seen,  and  the  muscles  are  never  relaxeti  as  they  m 
under  etdoroform  or  ether.  Vomiting  occurs  in  a  large  projiortioii  of 
cases  either  during  or  after  the  oj>eration,  and  jiersistent  headache  is 
generally  present.  The  cociiiiie  is  believed  to  act  on  the  |Kisrrri<>r 
nerve  roots  and  not  on  the  cord  itself.  The  cerebrospinal  tluid  has 
been  found  to  contain  a  large  nuuilxT  of  poly  nuclear  leucocvtes  ftftef 
the  inj(  ctirm  and  resumes  its  normal  limpid  character  only  after  si'veral 
days.  Tliis  method  of  amestliesia  has  been  used  in  a  large  uumlx:*r«)f 
operations,  some  of  them  of  the  gravest  nature ;  it  has  also  Ijeen  sub- 
stituted for  general  anesthesia  in  labor. 

Of  these  methods,  Schleich's  iufiltnititm  has  been  most  widely 
adopted  and  is  admirably  suitefl  for  minor  tiperations.  It  is  the  safe^' 
method  available  for  most  of  these,  for  the  amount  of  cocaine  injcett^ 
ought  not  to  be  sufficient  to  induce  poisi>nous  symptoms,  and  {?houi 
never  exceed  20  mg.  (^  gr,)  and  much  of  this  escfipcs  by  the  inei^io^ 
It  requires  some  ex|>erience  to  induce  com|»lete  insensibility  to  pain  t 

'  Tlemze  sliowtsd  that  the  morphine  contained  in  StdiJekh's  original  fluid  was 
fluouH. 
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tliii method  and  tlie  operation  has  to  be  interrupted  at  uitervnls  to  permit 
<if(tirdieriiJJeeliou*i,  Some  headache  and  nausea  are  oeea-^ional  pequela\ 
Wkngeoeral  anaesthesia  is  contmiudieateil,  intUtratiun  may  he  adujited 
in  m^jor  ojierationSj  while  on  the  other  hand  it  it^  often  eontraJndieated 
iD  minor  (operations  where  there  is  any  possibility  of  cunxplieations,  or 
where  the  anxiety  and  nervousness  of  the  patient  are  likely  to  interfere 
with  tht*  proceedings.  Subaraehnoid  or  intraspinal  cocainization  is 
still  on  trial,  and  while  it  has  been  enthusiastically  praised  by  some  of 
its  Pptis<irs,  it  has  in  general  been  regardetl  as  a  haziirdous  method, 
Asa  nmttiT  of  faet^  no  fatality  can  as  yet  Ite  certainly  affirnunl  to  have 
fwulted  ffTira  it,  although  it  has  been  employed  in  over  2(J00  eases^ 
iod  no  |H*nuanent  injury  to  the  nervous  system  has  hitherto  Ix-en 
oleer\*(^l  from  it.  It  seems  probable,  however,  that  it  will  in  the 
fmtin*  attract  less  attention  than  it  has  recently,  and  will  be  regardeil 
u%  last  n.^ort  to  be  used  when  j^peoial  eircu instances  contmindieate  tlie 
liienil  anae-^thetics  and  operation  is  impenitive. 

Ooc&iA6  Habit.  —  Since  the  introduction  of  eoeaine  inti»  general  thera- 

(w*rrticMJ^%  immerous  eases  (»f  the  formation  uf  a  habit  similar  to  that 

of  apiiun  or  morphine,  have  been  recorded.     Smie  of  these  have  been 

r  Ale  to  the  attempt  to  substitute  crx'aine  for  morphine  in  the  treatment 

^f  chronic  morphinism,  the  treatment  often  n-sidting  in  the  devclop- 

tof  an  irresistible  craving  for  both  alkaloids.     The  sympt«mis  of 

linism  generally   begin   with  digestive  disorders,  loss   of  api>etite, 

^Hvation  and  emaeiation,  but  the  more  important  changes  occur  in  the 

^Otral  tiervoas  system,  which  apparently  undorpies  degeneration  simi- 

^**  t4)  that  sef»n  in  chronic  niorjiliine  |HHsonin<j:.     Skvplessness,  tremoi*s 

**l  occiisionally  t^jnvulsious,  hallucinations,  insanilv  and  delirium  hav^e 

en  uot4M.i  after  long  abuse,  along  with  indefinite  distnrban<*e8  of  sen- 

^tion  and  motion.     The  treatment  of  these  ea^es  is"  the  withdrawal  of 

'.  and  this  ("an  generally  l>e  done  vvitbnnt  the  pmdoction  of  any 

^nJ|itoms,  though  it  is  soinetinies  fiillnwcd  by  great  depression, 

[treatment  is  much   facilitattnl   by  sending  the  patient  to  a  special 

I,  and,  in  fact,  is  almost  liopelcss  without  his  isolation. 

Acute  Cocaine  Poboniiig  is  treated  purely  symptoniatieally.      Amyl- 

iJtrite  ha.s  I )t*t»n  advised  when  the  lilooiUpressure  sc^cnis  much  elcvattMl, 

irhiie  for  tl»e  nuivulsive  attacks  small  quantities  of  chloroform  or  ether 

ly  lie  neccBsary*     Of  course,  the  stomach  ought   to  be  evacuated 

|n»t  of  all  if  the  drug  has  l>een  taken  by  the  mouth. 

Substitutes  for  Oocaine. 

\  Ar^jfSejal  jilkahuds  have  recently  been  introduced  as  IqcaI  ^^ 
bctti>  in-ty^n^ljtf  ciH-ajne.  The  best  ktiown  of  these  is  peta-eimaiitf 
7^H„NC>j),'  \^hieh  is  mucli  k^s  poise m^ us  than  eocene  and  4litters 
tmi  it  in  many  jKiints  in  its  general  action.  In  animals  poisoned 
rith  Urge  doses  the  '*t^tr'^  ii»n*%-.>»i^  -ytftpm  i rJ] rft|^-^ti 01  ol^i ted  and  th^t 
milyztnj  ;  the  jtnlse  L^  shtwi^d  JV^)ni  diri>ft  ;)i;t|jin  ou  the  cardiac  nms- 

'  A))thA-4^ncainc  K't^HyiNC)^)  nasi  fnrmcrly  iise»l  ns  :i  siibstiluU-  for  licla-oucaine,  but 
iiujuor*  irritaUon  ftt  iireti  and  u  now  Bcldmii  mci  with. 
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iki    Arcfe.  t  Anftt.  lu  Pliy*.,  1886.     Supplement,  p»  293, 

JCvK,    Wundl's  l*hilt«i>ph.  8iudienT  ix.,  p.  7)10. 

Stateink     Brtt.  Med.  Journal,  IHHl*,  i.,  p.  Ill  ill. 

/ysMk    Arch,  r,  exp.  Piitli,  u.  Phurin.^  xxviL^  p.  SOI. 

Ap^    Deut«ch.  med,  Wochenschr,  1890,  p.  717» 

DriicAtt,  Kinkttrtt.     IkiricUt  der  deut><(oh.  chem.  Gesellsch.,  1894^  p.  1870, 

ItUbt    Bcrl,  klin.  Wuch.,  1887,  ci.  107. 

l^M&nvf     Arch.  f.  exp.  Path.  ii.  Pharm.t  xxx,,  p»  93, 

SAik    Arch,  f  AnaL  u.  Pliy«,,  1898,  p.  68, 

Hmkakjf.     Pt*ri>irer8  Arcbiv*  li.,  p.  446.     {Invertebratea.) 

JtalAA,     'AVM.-hr,  t  klin,  MchL,  iviii,,  p.  380, 

JArlNL     Pfluger'a  Arch.,  xlviii,,  p.  307. 

CbiUnie.     Brit.  Med.  Journ",  1892,  ii.,  p.  402.     (Tropacocaine, ) 
IW    Virch«w*s  Arch.,  ex  If,,  p.  78,     (Eut-aine. )     Arch.  (,  AnaL  u,  Phys.,  1897> 
p,  J6J,    Virtbow's  Arch,,  cxiix.,  p.  217;  cliv,,  p,  '>49, 
£mW»«.  //ri«.     Munch,  njed,  Wocli..  1H97,  p.  !)3L     (Orthoform, ) 
v^iiird  G^inard,     ,Vrch,  interna L  dt^  Ph;irmueodyii.j  vi.,  p,  1, 
Wytk^dtL     Afch.  f,  exi».  Patli.  u,  Phurrn.,  xlvi,,  p,  154. 
Haw,    Virrhow's  Aren^^  cliii.,  p,  4<j4i. 
SMdiL     Arch,  intermit,  de  PhtirmHe<>dvii.,  vi,,  p,  385. 
TfAtkr,    Thenip,  Moniii^h,,  1899,  p,  36,     (Aecnneii.) 
&WI.    Aivh,  f.  klin,  Ciijr,,  Ivii,,  p,  370. 
Coffi^.     Ibid,,  Ivti.,  p,  409, 
JBhi/ier     Ibid,,  lx»v,,  p,  757, 
Bif.    Ibid.,  Uiv.,  p,  23t>. 
Xai    Journ.  of  Obstet.  nml  Gynecol.,  i,,  p.  71. 
Tmm.    American  Medicine,  1901,  li.,  p,  417. 

XV.     PILOCARPINE  AND  MUSCARINE. 

ne  \i\\i\  niusonriiu',  two  alkiiloiiln  of  vory  tlilleroiit  chemical 
<^  M,  jMJsst/ss  similar  [jrtijxTties  from  a  pluirniacologunil  |Knnt  of 

view.  FiloefirjjHne  (C,,H,gN/)j^  is  found  along  with  iHopikmtrpine  in 
ifcelteiv       '^    '  vera!  species  of  Pilocar|>us. 

J^M-  le  alkaloid  of  otie^rrTIiF  pjisonous  tnushroora^,  Agan- 

f  is  a  derivative  of  tUv  oirtliane  senet^,  very  cros<'ly  re- 

^•J  .L.-i.^^.iV  to  cHorme,  wliieh  is  a  eoit^tituent  of  sevenil  animal 
^08.  Its  exact  oonstitntion  is  somewhat  doubtful,  but  it  may  prob- 
«kl)'  be  represented  by  the  formula 

CII,--N(C1I,),0H 

"  occtirs  ID  the  mushroom  associatixl  with  cholin,  and  .sometimes 
•ppttri'ntly  with  a  base  whieli  acts  like  atropine,  A  substance  almost 
rfeniiciil  with  muHairine  fri>ni  tht*  clu'mie^d  stuudp«iint  lias  Ijei^n  pre- 
pared by  the  oxi<lation  of  clitdin^  but  this  syntlietic  niusearine  differs 
IQ  its  action  from  the  natural  alkaloid  in  several  resptMjts.  A  number 
of  other  tiwirly  related  Ixitlies  (tritnethylauunoninm  liases)  resi^mble 
Qixiflcarioc  in  swime  points  of  their  atlion,  but  are  not  so  poisonous^  and 
&tl  ill  net  on  sin'cral  of  the  orj^ans  atlwUi'd  by  the  lutse  ilerived  from 
the  mushroom. 

'Tlir-'  ^ MrtMuiji  iif  piliH^rpine  id  not  yet  dtflnitely  detenninod.      Pilm^rpi* 

ilnm  hit*  uhI  from  the  leaves  of  IMiiM^^irpus  Jidnwindi  tiidy  mid  ij*  prai  liraUy 

ififft.     J  '^  '    M'  \\.\*  forniprlv  *t«ted  to  oecur  wiih  piluciirpuic  iind  to  p>?^'4t>Ns  an  atuicm 
itumhlitiic  that  of  atropine^  fiut  more  recent  inve^Ugmtori»  have  fulled  lo  euuliriu  either 
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Muscarine,  pilocarpine  and   bo  pilocarpine   resemble  each  olhe 
action;  muscarine  ia  moch  more  ]>oisonous  than  pilocarpine,  whid 
ain  eight  times  aj?  active  as  i.sopilocurpiye. 

FyloQarpine  a i id   nuiacari lie   stmi u b tc  the  termintitj ougj  of^ 

nerves  snpplyiiii;  un st riated  niuscle  (except  that  of  the  vessels)! 
heart  and  jiccretory  epithelium*     Tlieir  effects  are  therefore  dian 
cally  oppc^setl  to  those  of  atropine  in  the  jieripheral  organs*. 

Symptoms, — The  symptomis  of  poisoning  in  man  coniraence  wll 
very  marked  secretion  td*  saliva,  J  olio  wed  soon  after  hy  excessive  j 
spiration  and  a  flow  of  tears.  After  muscarine  and  sometimes 
pilocarpine^  nausea,  retching  and  vomiting,  pain  in  the  abdomen  • 
violent  movement  of  the  intestines  causing  profuse  watery  evacimtjl 
are  next  observed.  The  pulse  is  sometimes  (pi ickened,  sometimes  1 
slow  and  irregular ;  the  pupil  is  contracted,  and  the  sight  is  aceon 
dated  for  near  objects.  The  respiration  is  often  quick  and  dyspn 
and  rales  may  be  heard  over  the  bronchi,  denoting  an  accuniulatioij 
mucus  in  them.  Giddiness  and  confusion  of  ideas  are  complaiaeif 
and  after  pilocarpine  tremors  and  feeble  convulsive  movements 
ijometimes  observed,  but  the  nervous  symptoms  are  not  so  ctmspic^ 
as  those  from  the  {>eriphend  organs.  Eventually  the  respiration  j 
eumes  slower  and  great  w^oakness  in  the  movements  manifests  it 
but  the  consciousness  remains  more  or  less  peHect  till  the  hrc^ati 
ceases. 

Action. — The  salivary  and  laclirymal  Glands,  the  mucous  gland 
the  raouth,  throat,  nose  and  <leeper  respiratory  passages,  the 
secretory  glands,  the  pancreas,  autl  ]Tn>l:ud>ly  the  intestinal  glaodiaJ 
secrete  copiously  after  muscarine  atid  |>ilorarpine.  The  sweat  gli 
a^d  the  oeruminous  glands  of  the  ears  are  likewise  roused  to  unwoi 
activity,  and  many  other  glandular  structures  are  also  stimulated.^ 
In  most  cases  the  solids  of  the  secretions  are  increased  as  we 
the  fluids,  aUliough  to  a  somewhat  less  extent.  The  bile,  the 
and  the  milk  do  not  seem  to  be  affected  directly  by  pilocarpine 
muscarinej  although  they  may  be  reduced  in  amount  or  other 
modified  by  the  withdrawal  of  large  quantities  of  fluid  frc»m  the  ' 
by  other  channels. 

After  a  small  quantity  of  atropine,  pilocarpine  and    muscarinej 
ordinary  cjuau titles  produce  no  increase  in  any  of  the  secretions, 
indicates  that  the  seat  of  action  of  these  poisons  is  not  the  seer 
cells,  for  it  has  been  shown  tliat  atropine   paralyzes  only  the  tenail 
tions  of  the  secretory  nerves  and  leaves  the  e*»lls   uninjured.     On 
other   hand,  section  of  the   secretory  nerves  does  not   alter  niaterii! 
the  action  fjf  pilocarpine  or  muscarine,  for  the  secretion  i^f  penff 
tiou  in  the  Rnit  of  the  c^t  is  increased  by  pilocarpine  even  afters 
of  the  sciatic  nerve.     The  seat  of  actifui  of  pilocarpine  and  miisc 
is  therefore  the  terminations  of  the  secretory  nerves— the  minute  lib 
which  ramify  between  the  epithelial  cells  and  perhaps  even  enter  th 

^  A  corioiis  example  of  this  hns  l>et?n  pibown  by  Brewer  to  occur  in  llie  fisli,  in  ^t 
tlie  swimming  liludder  isecrelts  montt  oxygon  ihaii  iisuul. 
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tin  mre  stiniiilatei]  l>y  tire  members  of  this  group  and  para- 
^"fltrupme,  ami  these  two  series  ihurefure  form  antidotes  tu  one 
ibcr. 
i  Tti      '         V  secretion  ma  v  amount  to  Haifa  h'tre  or  more  id  the 
tttv  •   hour^  after  an  injection  of  pikx-^arpine,  wiiile  the  skin 

luigs  excrete  even  a  larger  <|uantitY  of  fluid  in  the  ^me  time, 
bin^t  i»  ihiis  eonsiderably  redue-ed  bv  pilocarpine  owing  to  the 
fluid,  which   may,  according  to  some  authors,  amount  to  2—4 
^  (4|— 9  lb«0  after  a  single  dose. 
i  iKcrrtton  of  the  milk  is  not  increased  by  pilocarpine,  but  the 
[pmotige  of  sugar  in  it  h  stated   to  be  hirger  than   usual.     The 
'  f»f  the  blood  has  been  found  increAscnl  by  pilocarpine,  and  this 
lia»  Kprn  fittrihuted  to  its  acting  ou  the  term! nation ^?  of  the  nerves  id 
ibr '  li  regulate  the  glycogenic  fiuietion8  of  that  organ, 

1  -♦xl  activity  of  the  glands  h  accompanied  by  an  accelera- 

titNKkftlie  blood  current  thnjugh  tbem^  but  this  is  a  result  of  their 
itiiiidbtion  fnun  any  cause  whatever,  and  is  jimbably  not  due  to  the 
iGrrat  action  of  the  alkaloids  ou  the  vessels.  The  redness  of  the  skin, 
epemlly  of  the  face,  so  often  observed  after  pilocarpine,  may  jwrhaps 
btfsplained  in  this  way,  as  an  accompaniment  of  the  augmented  ac- 
[  tifjty  of  the  sweat  glands. 

It  WM  formerly  supposed  that  pilocarpine  acted  on  the  same  structures  as 
\  Biwllfle— the  8>  m^itithetic  ^aii^lm— but  this  is  disf»roved  by  the  sweat  secre- 
[jiwiaf  the  totA  aft^r  Motion  of  the  sciatic,  for  no  syra pathetic  ganglia  have 
^fbuad  in  connection  with  these  sweat  glands  except  those  iu  the  pelvis. 
t»r  ((iics^tion  which  has  been  the  subject  of  prolonged  and  somewhat 
^di8CU8*ion  is  whether  iiiloearjiine  iind  mui!U*ariae  C4in  act  at  all  afk^r 
Be,  It  !*eems  now  to  W  a<lmitt*Ml  that  while  minute  quantities^  of 
secretion  set  up  by  ordinary  doses  of  piloearpine  and  iuuh- 
niriii  i.T  of  these  in  very  large  quantities  will  reinstate  it,  and  this 

■hmiuuiou  of  BiimulatJOD  and  depres^^ion  may  be  repeated  a  number  of 

Altera  ]      '  <1  9taf;e  of  stimulation  large  quantities  of  pilocarpine  or 

■BuicaHni'  I y  paralyze  the  nerve  temiiimtions,  and  the  secretions  are 

ttitiuni>iiL**l  or  stopped  entirely*  But  thi.H  never  nccun*  save  in  ex- 
atfl  on  lUiiinaU,  for,  a§  a  general  rule,  the  respiration  is  paralyzed  by 
'  qtyyititiea  Uum  are  oeoeaaary  to  elicit  thh;  feature. 

Kosele. — Xausea  and  discomfort  in  the  t^ojnnrh,  followetl  by  retch- 
io^'and  vomiting,  are  rarely  seen  after  pilocarpine,  but  form  >^ome  of 

^  earlieiit  symptoms  of  muscarine  f>ois«unng.    They  are  not  produce*! 

the  saliva  swallowed,  ae  was  formerly  ^tipposed,  but  by  a  stimula- 
f»o  of  the  terminations  of  the  pneumogaslric  In  the  muscular  coats  of 

<<tomai4i,  similar  to  that  of  tlic  terminations  of  the  secretory  nerves, 

I  is,  pcrlmpfss,  inculpable  in  itself  of  producing  complete  evacuation 

the  fttotnacb,  but  may  set  up  a  reflex  contraction  of  the  muscles  of 

nil  '      '    il  wall  which  accomplisheH  it. 
Til  i'jf  art*  alsci  i«et  in  unusually  active  movement  by  a  similiir 

iKT^'*^  and   rejM*ated  evacuation   of  their  ciin tents   follows.     These 

at  fir^t  of  firm  coosistency,  but  later,  as  the  contitmed  ])eriHtaUi6 
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carries  down  tbo  contents  of  the  smull  intestine,  which  have  no! 
long  enough  in  the  lK>wel  to  allow  of  the  iihs«>r[>tiou  of  their  flui( 
faxses  contain  more  water  than  usual.     This  fluidity  of  the  stooli 
also  be  due  in  part  to  an  augmentation  of  the  intestinal  secJ 
this  has  not  been  sali^faeturily  demonstrated.     Even  after  the 
hns  been  c*)inpletely  evacuated,  the  j>ersistent  peristalsis  betrays 
in  painful  stniiiiing. 

The  muscle  of  a  number  of  other  oi^gana  eotitracts  after  pil 
or  nniseariue,  also,  it  is  believed,  from  stimulation  of  the  nerv 
niinat  10118.  Thus  the  spfiTii,  h!athU'i\  bronchial  vin^^iej^^  and  p< 
the  iiteni^j  are  eontraeteflj  and  in  the  eat^e  of  the  bladder  rej] 
evacuation  and  straining  may  oeeinv  Of  much  greater  impo) 
than  these  is  the  efl^eet  of  pilocarpine  and  muscarine  ou  the  eye, 
poisoning  with  these  and  also  on  local  application,  the  pupU 
extremely  narrowed,  and  at  the  same  time  tlie  rilhny  vniHcie  con 
so  that  the  lens  is  accommodated  for  short  distances.  Both  of 
phenomena  are  due  to  stimnlation  of  the  terminations  of  the 
oculi  in  the  intniocnlar  nuiscles  (see  Fig.  26,  p.  287) ;  they  are 
et[nally  easily  elicited,  however,  for  according  to  Krenchel,  musci 
acts  on  the  ciliary  muscle  much  more  rendily  than  on  tlie  pupil,  S4> 
oecnsionnlly  the  sight  may  be  accommodated  for  short  distances 
the  pupil  remains  fairly  wide.  The  intraocular  pressure  is  redui 
muscarine  and  pilocarpine,  although  they  may  increase  it  at 
This  has  not  been  exjdained,  but  is  often  said  to  be  associated  witlifSI 
c! ranges  in  the  pnpil,  myosis  (contraction  of  the  pnpil)  Ix^iug  generally j 
attended  by  a  rtnluced  tension*  The  stimulant  action  of  pilocarpine  no i 
the  terminations  of  the  nK>tor  oculi  terminates  in  depression  and  cod- 
sequent  sliglit  widening  of  the  pupil. 

All  tlies^e  muscular  phenomena  are  prevented  by  the  previous  ad- 
ministration of  atropine.  This  antagonistic  action  has  been  carefully 
studied  in  the  eye,  %vhere  it  is  found  that  after  pilocarpine  has  ppo- 
duced  contraction  of  the  pupil,  the  administration  of  very  ?niall  quan- 
tities of  atropine  is  foUowed  by  dilatation.  Strong  pilocarpine  p-nluti^D 
agsiiu  dro[>ped  into  the  eye  will  again  re?duce  the  size  of  the  papil^btit 
the  quantity  required  is  vastly  more  than  in  the  normal  eye,  and  tbi* 
second  contraction  may  again  be  removed  by  comparatively  mil 
quantities  of  atropine.  In  the  binl's  pupil,  in  which  the  niusclf  is 
striated,  nMiscarine  and  pilocar]iine  have  no  effect^  the  terminations  of 
tlic  nerves  being  evidently  difterinit  from  those  in  mammals. 

The  nction  of  pilocarpine  and  muscarine  on  tlie  Circulation  pre^fit? 
some  differences  in  different  s])ecies  of  aninnils^  On  tlie  iqiplicit* 
tion  of  either  to  the  frog^s  heart,  its  rhytlmi  is  at  once  slowed,  lli^ 
diastolic  pause  being  much  inercnscd  in  length  and  the  contraetiofi^ 
lessened  in  force.  Soon  the  heart  ceases  to  beat  entirely^  ahhougl* 
irritation  of  its  ranscle  by  mechanical  or  chemical  means  elicits  uiicor 
more  contractions*  A  nimiber  of  drngs  which  stimulate  the  lif**^ 
muscle,  such  as  physostigmine  or  digitalin,  induce  weak  rhvthmic*' 
contract ionsj  but  atropine  in  the  minutest  quantities  restores  the  hi^rt 
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ita  normal  rhythm  and  strength.  The  symptomg  procJuced  are  ex- 
nelly  tboee  seen  on  stimulation  of  the  vaj^j^us  by  electrical  shocks,  and 
mtiscsiriDe  has  long  been  believed  to  act  by  stimulation  of  the  iuhibi- 
tary  median  ism  in  the  heart  It  is  generally  stated  that  the  site  of 
its  action  is  the  ganglia  on  tlie  course  of  tlic  vagus,  but  this  is  incor- 
re<!i,  (or  muscarine  acts  on  the  apex  of  the  frog  s  ventricle,  in  which 
no  ganglia  whatever  have  been  found.  Muscariae,  therefore,  stioiii- 
|]ates  the  terminations  of  the  vagus  fibres  in  the  heart  musscle,  aud 
litis  produces  slowing  and  eventually  standstill.  Atropine  removes 
p'  Mliitill  by  paralyzing  the  terminations,  but  larger  «juantities  of 

In  iieor  pilocarpine  will  again  cvere^Jnle  the  atropine  action  and 

store  the  standstill  or,  at  any  rate,  the  slow  pulse.  Physostigmiue 
'"and  dtgitalin  remove  the  standstill  by  increasing  tlie  irritability  of  the 
muscle  until  the  inhibition  can  no  longer  hold  the  heart  in  check,  but 
mmghont  the  rhythm  caused  by  these  the  activity  of  the  vagus  can 
*ef  n  in  the  slowness  of  the  beat  and  the  prolongation  (>f  the  diastole, 
ae  vagud  ends  are  eventually  paralyzed  by  pilocarpine  and  the  heart 
spumes  its  normal  rate.  Larger  fjuantities,  ho  wester,  again  slow  it 
fc*ing  to  direct  action  on  the  cardiac  muscle. 

In  rabbits  and  cats  similar  changes  are  seen  in  the  circulation  after 
ii]i«canoe.     The  heart  is  slowed  or  brought  to  a  complete  standstill^ 


Fig.  29. 
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blood  pressure  foils,  and  all   the  symptoms  prodticed  by  anaemia 

the  brain  may  follow,  but  the  animal  iK-comes  again  j>erfect!y  nor- 

iil  on  the  administrution  of  small  fpiantilies  of  atropine.     The  fall  in 

»d*pres8nre  is  often  greater  tlum  is  accounted  for  by  the  slowing  of 

be  heart,  and   the  jieripheral  vessels  are  extremely  congested.     This 
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may  possibly  h^  due  to  the  dilatation  of  the  vessels  which,  as  alf^ 
fltated,  acc^UDpaiHCA  the  increased  at-tivity  of  the  glands.  Plltx 
differs  from  mtisriiriue  here  in  sevend  partiealars,  tor  it  simri  dejif 
the  inhibitory  fibres  and  the  heart  regains  its  former  rhytlini,  but  ' 
eurtliac  inusele  is  then  affeeted,  so  that  the  contnictions  rapidly  I 
come  weaker  and  slower  aj^iin,  and  this  tiecoudary  slowing  is  naiJ 
intived  by  atropine  ;  liie  va^o-niotor  centre  also  becomes  grado 
weakened  l>y  large  do^es,  8o  that  the  IiUhkI  vessels  remain  i?omei« 
dilated,  and  the  arterial  teui^ion  remains  low  even  after  atropine. 

In  dogs,  tlie  stimulation  of  the  inhibitory  fibres  seems  gometimes.! 
be  entirely  absent  after  pilocarpine  and  ninsearinc,  and  in  man  tiiifil 
very  fretjnently  the  case*  Instead  of  a  slow  pulse  and  lessened 
sion  in  the  arteries,  aceelemtion  and  increased  blood-pressure  are  1 
ob.«K^rved.  This  is  aeeompanied  in  man  by  marked  palpitation 
discomfort  in  the  region  of  tlie  heart  and  by  dilatation  of  the  sU 
vessels,  especially  of  tljose  of  the  face.  In  other  easels,  however,  I 
same  circnlatory  disturbances  are  produced  as  in  the  cat  and  rah 
(Fig.  29.)  No  explanation  of  the  acceleration  of  the  heart  has 
offered,  but  Howell  has  found  acceleration  constantly  produced  by  md 
carine  in  the  cral/s  heart* 

In  embryo  hearts,  muscarine,  in  ordinary  quantities,  pi"oduc€5  I 
change  whatever  during  tlie  first  15(J  hours  of  life  (in  the  chick).  " 
explanation  of  this  phenomenon  is  that  the  inhil>itory  nerves  have  i 
been  developed  at  this  stage,  and  after  their  development  is  complex 
muscarine  acts  on  the  heart  as  in  the  adult.  The  absence  of  ^lowifli 
in  some  of  the  invertebrates  may  be  due  to  a  similar  cause,  altJiot^ 
this  does  not  held  good  for  the  crab,  in  which  there  is  a  well-defin 
i  n  h  i  bi  tory  apparat u  s. 

The  Respiration  is  unaffected  by  small  quantities  of  the  meml>er?< 
this  series  except  indirectly  through  the  changes  in  the  eireulatioj 
which  lessen  tlie  amount  of  blood  passing  through  the  lungs  and  ibfl 
fore  p  rf >d  n  ce  as  p  1 1  y  x  i  a  1  dy  s  pn  rea .  La r gc  q  ua  n  t  i  t  i  es  o  f  p  i  1  ocarpi  n e  caoi 
a  tendency  to  convulsive  movements  and  a  more  rapid  and  labon 
respiration.  Eventually  the  respiration  becomes  slow  and  weak  3 
asphyxia  foUows. 

Occasionally  ceilema  of  the  lungs  occurs  in  animals  poisoned  by  mn 
carine  or  pilocarpine.     This  is  more  e«]>ecially  the  case  in  cats  and  j 
l)its,  and  seems  to  be  associated  with  tlie  inefficiency  in  the  eircalatifl 
in  tlie  lungs  rather  than  with  (he  stimulation  of  the  bronchial  seert^tol 
ghmtls.      It  lias  also  occurre<l  in  cases  of  fatal  poisoning  in  man. 

It  has  been  found  that  pilocarpine  increases  the  Leucocytes  of  1 
blotni,  and  this  is  generally  attributed  to  its  acting  on  the  tissues  whit 
for  111   leueocytes,  an   ex  |*1  an  at  inn  which   is  supported  by  the  stnten 
of  Ruzickai  that  the  Malpighian  coriniscles  <jf  the  s|ilec*n  are  increai 
in  number  after  piloearpine.     The  leucocytosis  leads  to  an  angmend 
tion  of  the  uric  acid  in  the  urine. 

The  Temperature  is  often  said  to  be  increased  by  pilocarpine,  althofl 
only   to  a  %^ery  small  extent,  but  this  has  been  shown  to  occur  ofl 


I 
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thermometer  is  applied  to  the  skin,  anJ  to  be  absent  when 
tempemtui'e  is  takeu.     The  explanation,  therefore,  &eems  to 
[icreaseci  blood  flow  in  the  skin,  which  has  been  already  aien- 
After  the   perspiration  is  fnllj  developed  the  internal  tem- 
lUtre  is  generally  reduced,  especially  in  fever, 

bnse  symptoms  occur  in  cases  of  poisoning  wliicli  point  to  some 
OQ  of  the  alkaloids  on  the  Central  Nervous  System.  Thus  frogs 
idop  well-marked  convulsions,  and  even  in  the  higher  animals  and 
a  tremor  and  slight  convulsive  movement^j,  such  as  hiccough,  have 
II  oh3er\*ed.  In  the  later  stages  muscular  weakness  is  developed, 
I  the  slow  respiration  and  the  fall  in  blood-pressure  also  indicate  a 
tfml  action,  which  seems  to  be  confined  to  the  louver  part?  of  tlie 
VQUft  system,  however,  for  consciousness  remains  little  altered. 
bM  ^mptoms  may  be  complicated  by  marked  convulsions  which 
Hsr  to  be  due  to  the  anaemia  of  the  brain  and  do  not  denote  any 
wrt  action  on  that  organ. 

irpine  and  muscarine,  while  resembling  each  other  in  general, 
oome  points  of  difference,  which  are  of  the  greatest  importance 
_  nfe  their  use  in  therapeutics.  Muscarine  has  practically  never 
introduced  into  medical  practice,  bocaiise,  w4iile  its  action  on  the 
ntioiis  is  quite  equal  to  that  of  pilocarpine,  tlie  gastric  symptoms 
Lwodueed  much  more  readily  by  it.  It  is  also  a  very  much  more 
Bful  poison  than  pilocarpine,  and  is  much  less  easily  prepared  in  ■ 
nform.  ^^ 

Prepahations.  ^1 

^P  (Muscarine  is  not  used  in  therapeutics,) 

nocarpos  (V.  8.  P.),  Jaborandi  Polia  (B.  P.),  the  dried  leaflets  of  Pilo- 
jr|Mis  Jtiborandi  *  (and  of  P.  8t*  I  loan  as,  U,  8.  P.), 
&lraettitii  Pilocarpi  Ftuidum  ill.  B.  P.),  {-2  c.c.  (8-30  rains.). 
M^inetum  Jaborandi  Liqiudum  (B,  P.),  5-15  mins. 
nwtem  Jaborandi  {B.  P.),  }-l  fl,  dr, 

FlLOCARprx^  Hydrochloras  (U,  S,  P,)  (C,iH,^NjO,HCl),  the  hydro- 
ilorate  of  an  alkaloid  obtained  from  PilociirpUii,  forms  small,  white  crys- 
fcfe,  odorless*,  with  a  %\\^\\i  bitter  taste,  deliquescent  in  the  air,  very  soluble 
I  Witer  and  alcohol .     0, 003^1  03  G,  ( ^\  gr.). 

Pn-OCAJLPrN^  NiTRAS  (B.  P.)  (CijHjaNjO.HNOg),  the  nitrate  of  an  alka- 
did  obtoiaed  from  Jaborandi  letivca,  forms  a  white  eiy stall ine  powder^  which 
liolable  in  S-9  parts  of  cold  water,  and  is  freely  soluble  iu  hot  alcohol. 

Mir. 

Tbi  preparations  of  the  crude  drug  are  but  little  used,  as  they  vary  greatly 
&  their  activity  and  cause  nausea  and  vomiting  more  readily  than  the  alka- 
cWtl  salts.  This  is  explained  by  the  fact  that  they  are  absorbed  more 
■Iwly  from  the  alimentary  canal,  and  therefore  have  longer  time  to  produce 
fceir  characteristic  effects  upon  it. 

^ni»eTitic  Uses  of  PUocarpine.  ^-  Tfa  n^^^j^j^i^  nn  fKo  g^otaat  ^glands 

»^fiia,  and  it  la  used  mtcrnally  almost  exclusively  for  this  purpose, 
uvtrious  oonditiond  in  which  excess^gLLfliiidaisoumulateB  in  tke  body, 

.'Pilooupi]»  jaborandi  leav(?s  are  now  extremely  scarce  and  have  been  aupplanted 
9lhRcl  raocarpua  pinnaUfolim  and  P.  micruphyllus. 
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pilocarpi oe  may  be  exhibited  to  remove  it.  lo  dix^ssjZV^speciiiUjUlitftt 
4nfi_tQ  renal  disease,  a  few  injectious  frequently  reduce  the  fluid  and 
remove  the  effects  of  tlie  accumulation,  although  they  do  not,  of  course, 
affect  the  disc-ased  tissues  directly.  By  uiiburtheoing  the  blood  aod 
tiaaues  of  their  excessive  fluid,  however,  pilocarpine  may  improve  th€ 
nutrition  of  the  kidney,  and  thereby  promote  itvS  recovery.  In  dropey 
due  to  heart  disease  pilocarpine  must  be  used  with  caution,  owiDg  to 
its  exercfslng  a  depressant  action  on  the  circulation,  perhaps  on  the 
heart  itself.  In  some  other  |mthologic*al  exudations  pikx^arpine  has  also 
been  advised,  as  in  pleural,  periairdialandsubretinaleffusioD.  It  tnost 
be  remembered  that  after  the  diaphoresis  produced  by  pilocarpine  tliere 
usually  sets  in  a  j>eriod  of  depression,  w^eakness  and  languor,  ajid  this 
may  be  sufficient  to  counteract  the  improvement  obtained  by  the  re- 
moval of  the  fluid.  It  is  still  a  disputed  point  whether  pilocarpine 
possesses  any  advantage  as  a  diaphoretic  over  the  other  means  of  pro- 
ducing sweating,  such  as  hot  or  cohi  packs.  Its  advoc»ates  point  to 
tlie  fact  that  much  !c^s  disturbmee  of  t!ic  patient  is  required,  and  that 
the  subse(|uent  depression  is  not  greater,  while  its  opponents  assert 
that  the  hot  or  cohl  pack  produces  less  depression  and  is  not  accompa- 
nied by  the  unpleasant  salivation  and  occasional  nausea  of  pilocarpine. 
Accumulations  of  fluid  in  the  ImmIv  mny  also  be  removed  by  w*ay  of 
the  Iwwel  by  the  use  of  a  hydragogue  cathartic  or  preferably  a  saline 
purgative,  or  the  kidney  may  Ije  stimulated  to  special  activity  by  the 
use  of  such  dhjretics  as  theoljroniine  and  cafleine.  The  last  method  of 
treatment  is  that  generally  preferred  as  it  induces  less  weakDess  and 
depression  subsequently  than  eitlier  of  the  otliers, 

Injjranma  pilocarpine  sometimes  proves  of  great  benefit  if  exhibited 
early,  and  it  has  been  supposed  that  tliis  was  due  to  the  skin  taking 
up  the  renal  function  vicarimisly  and  eliminating  the  poison.  Some 
support  has  been  given  this  explanation  by  the  discovery  of  traces  of 
urea  in  the  perspiration  after  pilocarpine,  but  it  is  now  recognized  that 
the  urea  is  not  the  jxtis<3nous  principle  in  uriemia,  and  the  l:)eneficial 
effects  are  probably  due  rather  to  the  removal  of  fluid  and  the  relief 
of  the  overstrained  circulation.  It  has  also  been  suggested  that  pilo- 
carpine acts  directly  on  the  kidney,  and  an  increase  in  the  urine  is  not 
infrequently  seen  after  seveml  injections  ;  but  this  is  to  be  ascribed 
rather  to  the  changes  in  tlie  circulation  following  the  removal  of  the 
fluid  than  to  any  direct  action  on  tlie  renal  epithelium,  for  which  there 
does  not  exist  any  salisfactory  experimental  evidence. 

Pilocarpine  has  been  used  in  a  number  of  feveja-and.irL-diplitJicria 
and  sypliilis,  but  no  sufficient  evidence  of  improvement  in  those  con- 
ditions has  Ix^eu  brought  forward. 

In  ophthalmic  surgerj^  pilocarpine  has  been  employed  as  a  substi- 
tute forphysostigmine,  to  contract  the  pupil  and  reduce  the  intraocular 
pressure.  For  this  purpose  a  very  dilute  solution  of  the  salts  (2  j)€r 
,cent.)  may  be  used,  or  lamclljc  of  gelatin  may  be  prescril>ed,  each  con- 
taining I  mg.  (tv^t^  gr.),  to  be  laid  on  the  conjunctiva.  The  contraction 
of  the  pupil  genemlly  attains  its  maximum  in  almut  ^-1  hour,  and 


PILOCARPINE  AND  M 


323 


off  in  3—5   hours;  it  is  generally  less  complete  aod  of  shorter 
than   that  seen  after  pliysostigmine.     Pilocarpine  first  in- 
I  and  then  lowers  tlie  intraocular  li'iisiou. 
1%'arious  diseases  of  the  ear,  pilocarpine  has  been  used  with  good 
in  si:>me  cases,  but  it  is  quite  unknown  how  it  acts  liere.     The 
tioDs  in  which  it  is  of  service  are  various  forms  of  labyrinthine 
and  some  forms  of  effusion  into  the  tyrapanic  cavity, 
irpine  was  at  one  time  recommended  us  an  ecbolic  ^  and  several 
of  abortion  have  been  ascribed  to  its  nse.     Further  experience 
to   the   conclusion,   however,  that  if  it  possesses  any  action 
&ver  on  the  pregnant  uterus  it  only  does  so  when  administered 
intities  which  produce  undesirable  secondary  symptoms* 

rpine  is  fretpiently  prescribed  in  lotions  for  the  hair,  and  a 
growth  of  the  hair  has  been  frequently  seen  in  alopecia  treated 
1  way.      This  has  been  explained  by  it^  action  on  the  glands  of 
1,  increasing  the  moisture  of  the  scalp  and  improving  its  circu- 
and   nutrition,  but  Tappeiner  found  that  the  local  application 
ilocarpine  to  the  skin  produced  no  increase  in  the  secretion  of  the 

is. 

cases  of  atropine  poisoning,  large  doses  of  pilocarpine  have  been 

with  alleged  good  results.     lo  animal  experiments,  however, 

Iquantity  of  pihx^arpine  necessary  to  antagonize  even  small  doses  of 

pine  lias  been  fbund  to  be  so   large  that  tlicre  Ls  little  reason   to 

for  improvement  from  Its  administration   in   poisoning  in  man, 

cially  as  the  action  of  atropine  on  the  central  nervous  system  is 

I  aotagoDLzed  by  pilocarpine.      In  poisoning  from  pilocarpine  or 

ae  small  quantities  of  atropine  are  the  antidote  recommended 

'  by  pharmacological  exj>eriment  and  by  clinical  ex|wrience. 

Id  Intoxication.  —  In  Siberia  the  Agaricus  museariua  is  used 

brm  an  intoxicating  beverage.     The  symptoms  prrnluced  are  hilarity 

jollity,  and   the  victims  declare  themselves  to  be  more  capable 

J  exertions   than  they  would  be  without  the  preparation, 

giddiness  and  somnolence  are  produced,  and  after  large 

Ektities  vomiting  and  convulsive  attacks  may  follow  and  eventually 

re  fatal.     The  absence  of  marked  symptoms  of  poisoning  in  those 

!  seems  due  to  a  tolerance  liaving  been  produced  by  frequent  use 

Qg,  for  a  similar  result  is  seen  in  the  absence  of  symptoms  of 

I  poisoDing  in  habitual  smokers. 
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XVI,     PHYB03TIGMINE. 

PhysostigmiQe  or  Eserine  is  the  chief  alkaloid  of  the  Calabar  bemi, 
or  OMeaT  Dean  fPhysosti^ma  veneDoaum),  which  grows  id  \^  extern 
Africa  and  was  emphjyed  tliere  by  the  natives  in  the  trials  by  ortleal 
for  witchcraft.  Either  physostigmiue  itself,  or  a  nearly  allied  alkaloid, 
occm*8  also  in  the  Kali  or  Cali  nut^,  the  seeiJs  of  Mucuna  ureas.  The 
constitution  of  physostigmioe  (C^jH^j^N^O,,)  iiji  stiil  unknown.  Two 
other  alkaloids  have  been  found  in  the  extract  of  the  Calalmr  bean  and 
are  prohably  prodiict.s  of  the  decomposition  of  pliysostigminc,  which  is 
a  ver>"  unstable  i>orly.  The.se  are  (Jakiharlne^  whicli  rcf^embles  strych- 
nine in  its  effects,  and  Eseridine,  which  acts  in  the  same  way  as  physo 
stigmine,  but  is  innch  less  poisonous. 

Physostigmine  produces  a  Dumber  of  symptoms  resembling  those  of 
muscarine  and  pilocarpine  poison ing,  and  many  authors  describe  all 
three  together,  but  it  departs  in  certain  points  from  the  type  of  these 
two  drugs,  and  according  to  one  theory  acts  upon  a  different  set  of 
tissues. 

SymptOMs.— The  symptoms  of  poisoning  vary  but  little  in  different 
animals ;  in  the  dog  and  rabbit  the  first  results  of  a  large  dose  of 
physostigmine  are  weakness  in  the  voluntary  movements  and  a  curious 
tremor  and  mugcuUr  twitching,  beginning  in  the  Iiind  legs,  but  soon 
extending  over  the  whole  lx>dy.  The  animal  falls  on  one  side  and  can 
not  raise  itself  again,  although  it  makes  efforts  to  do  so  when  touched. 
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The  aaliva  and  tears  are  increased,  the  bowel  is  often  evacuated  and 
10  the  dog  vomiting  i.s  cotunion.     The   reg|>ImtiQn  is  at  first  rapid 
md  ileep,  and  later  glow  mid  dyspnccic,  thel^it  is  weak  and  slow, 
ibd  tbe  papil  is  contracted  to  a  small  point.     Ttese  symptonas  beootne 
more  marked  as  more  of  the  poison  reaches  the  blood,  until  the  respira- 
tion oei^es.     In  cMs  these  symptoms  of  depression  and  paralysis  are  pre- 
ceded by  a  atage  of  increased  movement  and  evident  anxiety,  but  the 
hter symptoms  resemble  those  in  the  dog.     In  man  physostigmine  elicits 
pntt:tically  the  same  results  a^  in  the  dog,  vomiting  and  pain  in  the 
%»maeli  region,  dyspnoea,  giddiness  and  muscular  weakness,  contrac- 
tii)a  of  the  pupil^  salivation  and  perspiration.     The  heart  is  slow, 
^tL*eular  twitching  may  be  present  and  complete  collapse  follows.     In 
6tp  the  voluntary  movements  disappear  soon  after  the  injection  of 
|i(lT90sdgmiDe,  the  respiration  ceases,  and  last  of  all  tlie  reflexes  are 
paralyzed. 

Action*  —  Many  of  these  symptoms  evidently  arise  fron^jlfiprfiaaion 
of  the  Central  Nervous  System,  and  the  cause  of  death  is  the  failure  of 
the  rgpiration  from  paralysis  of  the  medullary  centre.  Some  doubt 
tziiffas  to  what  partii  of  the  nervous  system  first  vmdergo  depression, 
Tbils  aooording  to  Harnack  and  Witkowsky,  the  higher  centres  are 
ireftkfiiied  earlier  than  the  louver  ones,  but  in  man  at  any  rate,  the 
eoOtrfoQsoess  remains  unimpaired  after  grave  derangement  of  the 
rei|iiradon  has  manifested  it^lf  and  after  the  muscular  power  is  eon- 
Acferably  depressed.  This  would  indicate  that  some  of  the  higher 
cerebral  areas  preserve  their  functions  after  others  have  been  weakened, 
ftud  several  authors  have  therefore  maiotaintxl  that  the  depression 
oooinieiioes  in  the  cord  and  medulla  oblongata,  and  only  spreads  to  the 
cerebrum  after  lai^  doses. 

Another  unsettled  que.«9tion  is  whether  the  stage  of  depression  ts  preceded 
by  one  of  direct  ^limulation  of  the  nervous  centres.  Some  yympt'Oum  un- 
<|Qy|yt«dly  point  lo  an  increase  in  their  irritability  ;  for  example  the  im-reaaed 
l«|Hiiutory  movements,  and  tosomee^ent  the  changes  (n  the  l>lood-pressare 
CB&  scarcely  be  explained  save  by  stimulation,  direct  or  indirect. 

Fartbcr  eWdeuoe  of  the  stimulant  action  of  piiysostigmiue  on  the  central 
irarvoua  system  has  been  otfered  by  Ma  etfects  tu  epileptics^  in  whom  the 
amnber  aud  ioteusity  of  the  seizures  are  increased  by  ita  use.  Ouioea- 
B|pi  rendered  epileptic  by  operative  procedures  are  afco  said  t-o  be  more 
OWneiltly  attai^kcd  when  physostigminc  t^  exhibited,  and  even  in  the  dog 
ijiMp'tiform  couvulHiona  occur  occasionally,  while  in  the  cat  a  stage  of 
bemeniis  ii  regular  precursor  of  the  deprt\*^sion,  Tb^e  symptcuns  have 
i  explained  by  some  writ-«r»  as  due  to  stimulation  of  the  central  nervoua 
sin,  but^  on  the  other  hand,  may  be  due  to  the  i>eripberal  etfect^  of  the 
poieoDt  such  us  the  con^riction  of  the  air  passages  by  contraction  of  the 
Bmftchial  mumdcs.  The  questiou  as  to  whether  any  genentl  ^timuhition  of 
Uim  central  uervoim  system  occurs  in  physoientigniine  poisoning  must  be  left 
i  for  the  present. 


The  mui»cular  twitching  seems  to  \>e  entirely   independent  of  the 
oeoSral  nervous  isystem,  for  it  is  not  prevented  by  division  of  the  motor 

Ea.     This  symptom  k  not  marked  in  I'rogs,  but  may  be  so  dcvel- 
in  mammals  as  to  simulate  convulsions,  and  is  due  to  stimnlation 
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•Uiiiiir -?  5a  the  Circulation  require 
>L.:*.  ;•  -s.-?  -^r-v  the  pulse  and  increase  the 
.u-'r "  •->.  '-'  -■■■vod  bv  greater  slowinjj:  of  th 
It:  \.Ai;-.  ^•.^.:i;.;re.  The  slowness  of  the  puis 
•A.-:.:^  =ii  :.'.«:  Lv.art  directly  and  not  to  any  inh 
-.  *.'.  ^."^  .i:'^;.r  hirji.*  quantities  of  atropine.  T! 
v.  .1^  i!  ..!•:  ••.'.hioitory  nerves  has  never  i)een  si 
*.••  .':■  i\z  :•'  S'lLi'/  authors  they  are  unalleeted, 
.1'.    -.■.ij:!.::y  is  iuereased,  and  Arnslein  and 

r...  u.  ■.Mr.i'.y^ingeifeetsof  atropine  may  Ikj  rei 
•>v .  •  i>  , :'  the  mammalian  heart  are  sometimes 
♦.    v.*  ^i^ti-rmine,  but  this  is  erroneous;  the  i] 

•v     •  ..•  ^  V uu'Uts  mentioned    by   Iledbom    may 

'^'^X'  '.;:vTt*:ijk*d  blood-pressure  has  also  been  t 
,i.5^v'C'.  It  sivms  inde|)endent,  in  part  at  le 
,v,r\\  vr  it  is  not  prevented  by  section  of  th( 
N.'. A  v'.v/.io  nerves,  oixjrations  whicih  prevent  in 
:\\«.'^;r^  the  vessels.  It  may  be  partly  due  t( 
iv;:  »*:*  :ho  intestines  expelling  the  bloml  from 
n"  *?,nv:  :u*iion  on  the  muscular  coats  of  the 
ir*»';:on  ;uul  thus  narrowing  their  calibre,  or  p( 
A»\v.:c\\i;h  SiMne  increase  in  the  activity  of  the  ' 

The  fn\c's  lieart  beats  more  slowly  after  p 
tho  individual  i\>ntractions  are  said  to  Ix*  stren/ 
and  thoriMs  definite  evidence  of  stimulation  oft 
i^  not  stvn  in  mammals.  If  the  vagus  be  stimi 
nhv?kvitignune,  it  produces  slowing  but  no  con 
Ih^m,  UH':uise  the  irritability  of  tiie  muscle  is  s< 
tho  inlubitory  rtpjwratus  can  no  longer  entirely  ( 
supiH^stnl  that  physostigmine  depresses  the  en< 
norvw,  but  this  has  been  shown  to  be  incorrec 
luusi'^irine  pnKluces  complete  standstill,  physos 
bv  induoing  depression  of  the  inhibitory  appai 
the  irritability  of  the  muscle. 
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iHmetitf  which  is  mainly  a  repetition  of  one  devised  by 

to  show  the  relationship  Ix^t  ween  the  effects  of  a  whole 

r,lrhich  generally  present  some  dillieuUies  to  the  student. 
with  brain  and  spinal  cord  destroyed^  is  stretched  on  a  lioard,  and 
I  is  exposed  by  the  removal  of  a  trianf^ylar  piece  of  skin  and  division 
Ibemtmu  The  poisons  are  then  ap|>Iied  in  auccesBion  by  injecting 
the  lymph  sac,  and  the  vagus  may  be  exposed  and  phiced  on  elee- 

injection  of  nicofintf  causes  slowing  of  the  heart  (Fig.  30,  iY),  followed  by 
to  the  normal  rhythm,  after  which  vagus  stimulation  has  no  etlect, 
timxihitioD  of  the  sinus  still  slows  the  heart.  (Nicotine  fii-st  slimu- 
ld  then  paralyzes  the  ganglia  on  the  course  of  the  inhibitory  Jibres.) 
ine  now  brings  the  heart  to  a  standstill  (Fig.  30,  M)^  through  stimu- 
>f  the  terminations  of  the  inhibitory  fibres  in  the  ratiHscb?.  Phynmiig* 
iitores  tie  heart  to  feeble  rhythmic  contractions  (Fig.  80,  F),  tlarough 
iion  of  the  muscular  libres,  \vhieh  leads  to  a  partial  los.s  of  control 
iiiliibitory  apparatus.  Copper  siilts  or  other  muscular  depre^ssante 
^Teturn  of  the  standstill  (Fig.  30,  C)>  through  nciitniliieingthe  stimu- 
BlioD  of  physostigmine,  and  thus  allowing  the  stimulated  inhibitory 
^  to  regain  control.  Atropine  finally  induces  an  almost  complete 
to  file  normal  rhythm  (Fig.  30 ,  A)  by  paralyzing  the  tenni nations  of 
ibitOTy  nerves  and  thus  removing  the  effects  of  the  muscarine. 
I  there  is  distinct  evidence  of  an  increase  in  the  irritability  of  the  car- 
lade  of  the  frog  after  phy^wstigmine^  and  this  is  dillicult  to  reconcile 
^^ow  pulsation  generally  seen  when  physostigmiiie  is  given  alone. 
^^■Unalian  heart  no  sucli  evidence  of  an  increase  in  the  muscular 
^^B|iB0  been  adduced,  and  the  vagus  arrests  it  as  easily  as  before  the 
^^Bloa  of  the  poison  ;  according  to  Bome  investigators  even  more 
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dU  of  tbe  fro^s  Tcutricle.  Paring  nfstole  the  tever  makes  aq  np-ftroke. 
»tiii«  M.  Alter  muBcariiiev  F.  After  physoBtigoiijie.  CI  Aaer  a  copper 
(Se«text) 

gtigtnine  produces  powerful  cootractions  of  the  Stomach  and 
exactly  resembiiog  those  elicited   by  muecarioe  and  pilo- 
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carpirie.  It  differs  from  these,  how-ever,  in  causing  these  move- 
ments after  small  qnantities  of  atropine,  while  larger  doses  of  atropine 
again  stop  the  eootractions  set  up  by  physostigmine. 

The  Secretions  are  also  increased  by  physostigmine  as  by  pilocarpine 
and  muBcartne,  and  here  iigaia  small  quatitities  of  atropine  do  not 
prevent  the  action,  while  larger  quantities  arrest  it.  Thns,  the  saliva, 
the  tears,  the  perspiration,  the  mui-oas  seeretions  and  the  pancreatic 
juice  are  all  augmented  by  physostigmiue* 

Besides  the  intestine  and  stomach,  a  number  of  other  muscular 
organs  are  thrown  into  contraction  by  physostigmine — ureter,  bladder, 
uterus  and  bronchial  muscle.  The  Intraocular  Muscles  also  undergo 
contraction,  and  their  niuv^ements  under  physostign^iue  have  lieen  the 
subject  of  a  large  number  of  investigations  and  of  a  good  deal  of  con- 
troversy. The  pupil  contracts  when  physostigmine  is  employed  either 
locally  or  internally,  and  this  d^ntniction  may  be  lessened  by  the  sub- 
sequent application  of  atropine,  but  is  not  altogether  removed  except 
by  large  quantities.  On  the  other  hand,  the  dilatation  of  the  pupil 
produced  by  small  quantities  of  atropine  may  be  diminished  by  physos- 
tigmine, but  the  resulting  contraction  is  much  le^s  than  that  caused 
by  physostigmine  applied  to  the  normal  eye.  The  ciliary  muscle  is 
acted  on  in  the  same  way  as  the  pupil,  so  that  the  eye  becomes  acoom- 
moilated  for  near  distance,  and  atropine  induces  the  same  modificB- 
tioos.  The  effects  of  physostigmine,  then,  on  the  intestine,  secretory 
orgaos,  pupil  and  ciliary  muscle  are  strictly  analogous,  and  are  gen- 
erally attributed  to  the  alkaloid  stimulating  the  terminations  of  the 
nerves  in  these  organsJ  It  therefurc  resembles  pilocarpine  and  mus- 
carine but  its  antagonism  to  atropine  is  much  more  complete,  and  a 
renewal  of  the  secretion  or  contraction  after  atropine  can  be  elicited 
much  more  easily  by  physostigmine  than  by  muscarine  or  pilocarpinCt 
The  intraocular  pressure  is  considerably  reduced  by  the  application  of 
physostigmine  to  the  eye  and  this  lias  generally  been  attributed  to  the 
contraction  of  the  pupil  facilitating  the  escape  of  the  fluid  by  allowing 
it  freer  access  to  the  spaces  of  Fontana.  But  the  latest  waiter  on  the 
subject,  Gronholm,  states  that  it  is  due  to  a  contraction  of  the  intra- 
ocular vessels,  which  lessens  the  secretion. 

Physostigmine  is  Excreted  in  the  urine  mainly,  appearing  in  it  a  few 
minutes  after  its  injection.     It  has  also  been  found  in  the  saliva  and  bile. 

The  symptoms  of  poisoning  with  Calabar  bean  are  identical  with 
those  caused  l>y  physostigmine,  except  when  an  old  preparation  con- 
taining calabarine  is  used^  wheji  some  stimulation  of  the  spinal  cord 
may  be  induced. 

Preparations. 

Ph^sostigma  (IT.  S.  P,),  PhysoBtigmatis  Semina  (B,  P.),  Calabar  or  Or- 
deal beun,  the  seeds  of  Physosti^ma  venenosum, 

Extractum  Physotttigmatii  (U.  8.  P.,  B.  P.),  0.015-fl.06  G.  (J-1  gr.), 

*  Another  theory  formiilfited  bj  Hurnack  is  t!iat|  while  ntropine  nets  on  the  termina- 
tions of  the  norves  in  these  orpins,  phyaostipmine  nets  U[m>ti  the  organs  them^vee — 
on  the  Becretory  cells  uf  tlie  i^Uudti  aiid  on  the  mu^jcle  i^bres  of  the  intestine,  pupil,  etc 
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wo  Pkp90gHgmaiia  (U.  S.  P.),  1-3  l\c.  (1.5-45  mitiBO. 
FBTBOsnoMD^iB  Saucylaa,  eserine  salicylate  (U.  8,  P.),  0.003  G.  (.V  gr.). 
PST8O0TIG9UNA  SUI.PHAS,  esetine  sulphate  (U,  S.  P.,  B.  POi  0.001-0,003 

liameUm  Fhjfgostigminx  (B.  P.),  each  containing  r^  gr.  of  phyaostigmine 
mlpitAte. 

The  sulphate  and  salicylate  of  physostigmlne  are  colorless  or  faintly  yel* 
low  crystals,  without  odor,  but  possesiding  a  bitter  taste.  The  sulphate  Is 
deUquoecent  in  the  air  and  is  very  soluble  in  both  alcohol  and  water.  The 
iidicylaU)  i»  not  deliquescent,  has  usually  a  slight  aeid  reactiou,  and  is  boIu- 
bla  In  150  partd  of  cold,  or  30  parts  of  boiling  water.  B«Dth  salts  undergo 
^eocnnpoftition  when  kept  in  solution  and  then  assume  a  reddish-brown 
"^>lor  ;  the  addition  of  lM>ric  or  sulphuroui^  acid  to  the  solution  is  said  to 
il  ihia  decomposition.  Preparations  of  the  crude  drug  also  lose  their 
Ivity  when  kept  for  some  timcj  but  these  are  very  seldom  prescribed. 

Therapeutic  Uses.  —  Physostigniiiie  has  been  used  for  its  depressant 
tioQ  on  the  central  nervouis  system  in  cases  of  abnormal  excitability 
of  the  cerebral  cortex.  In  epilepsy  and  chorea  it  has  received  a  fairly 
^tensive  trial,  but  has  prtjved  of  little  or  no  service  in  most  cases^ 
and  U  positively  deleterious  in  mme*  The  results  in  the  treatment  with 
it  of  other  diseased  of  the  central  nervous  systemj  such  as  tetanus,  liave 

r?n  no  more  favorable,  m  that  it  has  fallen  into  disuse* 
Its  pharmacological  action  suggests  no  internal  application  of  phy- 
iOfiligRiine  for  wliicli  pilocarpine  is  not  equally  well  fitted^  and,  as  a 
matter  of  fact,  pbv^oefiffminr*  is  now,  used  giily  fnr  ita  3t<'tit^ii  x>u  tbe 
jptraocular  n  il      For  this  purpose  a  solution  of  J— 1 

per  cent,  is  drMj*^^ ,,  lu  n.t  ,  ;* ,  2-4  drops  at  a  time,  or  small  discs  of 
gelatin  impregnated  with  ibe  alkaloid  may  lie  apijlied  to  tlie  conjunc- 
tivm  (6.  P.)*  The  pupil  liegins  to  contract  in  5-15  minutes,  and  at- 
ina  its  smallest  size  in  half  an  hour.  It  remains  contracted  12-H 
»uns,  and  according  to  some  observers  a  difference  in  the  size  of  the 
pupils  may  be  made  out  for  several  days.  The  ciliary  muscle 
Ontraotd  along  with  the  iris,  and  the  eye  becomes  aeconimmlated 
>r  short  distances.  This  action  on  the  accommixlation  passes  off  in 
2—4  hours,  but  the  sight  is  often  rendei'ed  indistinct  for  some  hours 
looger  by  alternate  contraction  and  relaxation  of  the  ciliary  muscle. 
The  action  of  physostigraine  on  the  eye  differs  from  that  of  muscarine 
for  the  former  acts  more  on  the  pupil,  the  latter  on  the  ciliary  muscle, 
and  the  pupd  is  often  crmtracted  by  physostigmine  while  the  accom- 
modatioQ  is  practically  unchanged.  The  intraocular  pressure  is  some- 
what increased  at  first  and  subsequently  sinks.  Its  action  in  narrow- 
ing the  pupil  after  atropine  has  been  made  use  of  to  remove  the  dilation 
protJuceil  so  frequently  in  ophthalmic  sorEjery,  but  some  newer  troj>eines, 
which  pnnluce  a  shorter  mydriasis  than  atropine,  have  almost  driven 
from  this  field.  It  antagonizes  the  dilatation  of  the  pupil  after 
[►matmpine  and  cocaine  much  more  successfully  than  that  due  to 
•opine.  It  had  also  been  used  in  cases  of  synechia  (attachment  of 
be  iris  Ui  the  lens)  alternately  with  atn>pine.  The  alternate  c<mtrac- 
an  and  dilatation  of  the  pupil  would,  it  was  hoped,  break  down  the 
il«ehiiient|  but  die  oi^ndition  is  now  generally  treated  by  operation* 
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Physostigraine  is  now  chiefly  employed  to  reduce   the  intraocil 
pressure  in  ^lauooma, 

Physostigmine  Poiscning  has  occurred  only  from  eating  the  beaflj 
yet^  and  is  to  be  treated  by  the  naual  methods  of  evacuatioD  of  | 
stomach  and  other  general  m^LSures.     It  has  been  found  by 
that  atropine  act^  as  an  antidote  to  physostigmine  in  animals,  and 
might  be  tried  in  cases  of  poisoning.     The  full  dose  of  atropbe] 
required. 
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E^som^.^ — ^  A  number  of  the  groups  of  alkaloids  discussed  up  to 
point  act  on  the  wiiue  peripheral  organs  tuid  generally  present  some 
culty  to  the  student,  so  that  a  few  general  remarks  regarding  them 
be  of  service.     These  drugs  acts  at  two  distinct  points— the  peripl 
ganglia  and  the  terminations  of  the  nerves  in  the  muscular  or  glani 
lar  tissues.* '  yicotine,  ciirara  and  coniine  affect  the  ^nglia  (Fig.  \ 
iV)y>muscariae^  pi^carpine,  phyaostigmine  and  atropine  the  terrni, 
tions  in"tne  orgaiir  [  if,  i*'ig.  31),     Cu^^j:;!,  conime  and  atropine^ 
pgrely  depressantln  their  peripheral  action  ;  nicotine  is  first  stim 
and  subsequently  depressant,  Whllfe  Mlli$<^iJlrine,  pijyarpine  and  ph 
tigraine  are  practically  purehr_stimulaut.     The  action  on  the  ganglia 
quite  independent  of  that  on  the  nerve  ends,  and  either  may  be  stii 
lated  or  depressed  after  the  others  have  been  paralyzed.     If,  howe^ 
the  nerve  ends  be  paralyzed  (Fig.  31,  2)  as  by  atropine,  changes  Lo 
ganglia  will  have  no  apparent  effect,  as  the  impulses  arising  from  their 
stimulation  are  blocked  in  the  nerve  ends,  and,  on  the  other  hand,  their 
paralysis  does  not  cause  any  further  retardation  of  centrifugal  im- 
pulses which  are  completely  blocked  already.     After  paralysis  of  the 
ganglia  (Fig.  31,  3)  the  stiranlation  of  the  nerve  ends  is  followed  br 
the  usual  symptoms,  because  the  impulses  pass  from  the  nerve  emb  to 
the  epithelium  directly  without  the  intervention  of  the  ganglia.     Thiiiy 
muscarine,  pilocarpine  and  physostigraine  act  after  the  paralysis  of  tllfl| 
ganglia  by  nicotine  or  coniine.     If  the  ganglia  be  paralyzed  first,  tb^ 
paralysis  of  the  nerve  ends  by  atropine  is  followed  hy  no  change  uulesa 
the  latter  ha%'e  been  in  a  state  of  activity.     While  it  is  univcR^llf 
acknowledged  that  atropine  arrests  the  action  of  muscarine  and  pilo- 
carpine by  paralyzing  the  points  at  which  these  unfold  tlieir  actioft. 
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|uent  stimulation  of  the  paralyzed  terminations  by  fLirthor 
iiHisof  muticariue  ur  pilocarpine  is  by  no  menus  so  generally 
^?€d.     The   statement   that   a  j>aralyzed   organ  cannot   be  further 
lolated  seems  to  have  assumed  ahiiost  the  aothority  of  a  theological 
I,  although  numerous  jx>int^  not  only  in  the  peripheral  action  of 
drugs,  but  also  in  that  of  others  on  the  central   nervous  system 
»t   be   easily  explained   ex- 
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the  opposite  assumption. 
1  of  the  difficulties  confront- 
le  advocates  of  this  theory 
K%    been    already    mentiootd, 
others  will   be  met  with   in 
!  CDUT^  of  this  work.     If  it  be 
that  a   paralyzed  tissue 
be  restored  by  the  ac^tion  of 
drugs,  the  action  of  the 
oing  alkaloids  is  much  gim- 
Thus  atropine  paralyzes 
!  nerve  terminations,  but  tliese 
be  restored   to  activity  by 
r  hrge  quantities  of  muscarine 
loctirpine,  unless  the  quan- 
of  atropine  given  has  been 
;e.       The    quantity     of 
stigmioe    required    to    re- 
bn;  them  is  much  smaller  than 
of  pilocarpine,  and  its  ap- 
ation  IS  therefore  much  more 
ful  in  reinstating  the  eon- 
of     active     stimulation. 
These  differences  between    pilo- 
carpine and  physostigraine   may 
perhaps    be    esc  plained    on    the 
Uttlogy  of  the   chemical  theor}^ 
rf  Eoaas  action  ;    the  **  affinity  *' 
ofatnopine  fur  the  nerve  endings 
i»  th«Q  greater  than  that  of  any 
rf  the  other  alkaloids  under  dis- 
ttsioii,  that    of    phy,«08tigmine 
ttert,  and     that    of    pilocarpine 
>nd  (Qoscariue    least.     The  last 
loentioned    are  therefore  expelled   from  their  combination    with   the 
pfotoplasro  by  very  small  fpiantities  of  atropine,  and  have  to  l>e  given 
^  Very  large  quantities  to  remove  the  atropine  from  its  combination. 
Ott  the  other  hand^  the  attraction  of  physostigmine  for  the  nerve  ends 
*^s  much  greater  ;  larger  quantities  of  atropine  are  required  to  dis- 
pUee  it,  and  smaller  quantities  of  physostigmine  restore  the  activity 
^^  the  nerve  ends. 


niaigTain  of  i  nflrre  fibre  sappl  jlng  a  secretory 
glaud.  j\\  termidatlons  of  ibo  eerebro#pinal 
nervfl  rmiml  a  eauglloEii  cell.  .V  thp  Icrmina* 
iioDji  ID  tbe  epithelium  of  the  sympathetic  fibre 
from  the  giaDgllon  cell  Id  1  th«  coutiwitioD  bo- 
twecD  Ihfl  cetiiral  DvrvoiiH  system  ami  the  secro- 
lory  eel  I A  l»  inlsct,  and  ftccirtinn.  may  ^kc  indiuct'd 
b^'impuliw  fri>ru  the  c«ntre.i,  by  {iiimtiilatLon  at 
iV  or  at  M.  In  '  all  ciinncHcLian  between  tbe 
nervfl  mad  the  «piib«hum  1»  broken  oflT,  And  ne* 
cretiioa  csn  be  induced  only  by  ailmulxilloD  uf 
the  JMJcretory  ceils  or  by  ri^torln^  the  connect 
ttoa^  In  5  the  connection  la  tnt«rniptcfl  In  tbe 
(pni^liofit  and  «ecr«tioa  oin  be  eauDetl  ofily  by 
drugs  acting  directly  on  the  epithelium  or  od 
tbe  tcrmioatluDS  M. 
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3^2  ^^^mc  DRUGS  ACTING  AFTER  ABSORPTION. 

Thia  series  embraces  a  number  of  alkaloids,  which  resemble 
other  so  closely  in  their  chemical  and  pharmacological  properties  i 
allow  of  their  being  treated  together.     Some  of  them    which 
formerly  believed  to  be  perfectly  distinct,  are  now  said  to  be  identii( 
anil  it  is  not  improbable  that  future  investigation  will  still  fu 
reduce  the  nurat^ers  of  the  group. 

These  alkaloids  are  foand  in  a  numljer  of  species  of  the  AconiM 
genus,  the  liest  known  of  which  are  Aconitnm  Napellus  coot 
Aeonithie  (C^H^^NOj^  or  C^^H^NO^),  Aconitum  ferox,  Pseudacmii 
(C«H^^NOjJ,   and  Aconitum  Japouicum,  Japaeonitme  (C^H^C 

When    aqueous    solutions    of  these  alkaloids  are   heated,  they 
brokeu  up  iuto  one  or  more  acids  and  simpler  bases,  so  that  they  ; 
be  classed    with   those  of  the  atropine  and   cocaine  series,  which 
similarly  decomposed.     Aeon i tine  forms  acetic  acid  and    Benzuc 
(or  picroaconitine),  wliich  may  again  be  broken  down  into  benzoic  i 
and  Aeonine  so  that  aconitine  is  acetyl-benzaconJne,     PseudaconiSj 
forms  Pseudaconine,  and  Japaconitine  Japaconine  in  the  same 
These  decomposition  products  are  fonnd  in  the  plant  and  in  the  on 
nary    preparations^  and    in    many  of  the    commercial    "  aconitine 
benzaconiue  and  aconinc  occur  in  var)^ing  proportions,  so  that 
toxicity  varies  very  considerably. 

Another  alkaloid  which  resembles  aconitine  closely  in  its  pharma- 
cological action  J  but  which  is  less  known,  is  Deiphinmc,  It  is  feimd 
in  stavesacre  (Dephinium  Staphisagria),  along  with  a  number  of  other 
bases,  which  may  be  the  products  of  its  decomposition. 

The  symptoms  cat! sed  by  aconitine,  pseudacouitine,  japaconitine,  and 
delphinine  are  very  similar,  differing  mainly  in  degree  and  notio  kind. 
Pseudaconitine  is  more  poisonous  than  japaconitine  which  in  turn  is 
slightly  more  active  than  aconitine,  Delphinine  is  much  less  poi- 
sonous, fl 

Symptoms,  —  After  very  large  quantities  of  aconitine  death  may  ri^ 
suit  instantaneously,  apparently  from  si mditaneo us  failure  of  thfiJi^ 
ancLceniral  nen^ou s  system . 

If  smaller  quantitiesbe  swallowed  there  is  noted,  after  the  ordioary 
bitter  taste  of  the  alkaloid,  a  feeling  of  warmth  in  the  mouth  and 
throat,  which,  agreeable  at  first,  soon  becomes  prickling  and  tingling, 
and  extends  to  the  stomach  and  eventually  to  the  skin.  This  is  ac- 
companied by  a  profuse  flow  of  saliva,  and  often  by  vomiting.  The 
pulse  is  very  slow,  and  may  be  irregular,  and  later  becomes  w^ak  and 
imperceptible,  when  symptoms  of  collapse  appear.  The  respiration 
is  slow  and  labored,  and  great  muscular  weakness  is  complained  of. 
After  a  time  the  smarting  and  tingling  of  tfie  skin  are  no  longer  felt, 
and  on  examination  the  cutaneous  sensibility  is  found  to  be  much  re- 
duced. The  intelligence  remains  unimpaired  to  the  last  in  many  cas^ 
although  unconsciousness   sometimes  occurs,  and  death   is  generall/F 
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tiLit  ms'unably,  preceded  by  con  villa  ions.     The  pupil  k  unafTeeted 

]it  wliea  eonvidisioud  supervene,  when  it  is  dilated.     The  prickling 

[the  throat  and  skin  is  the  most  characteristic  symptom,  and  is 

\\y  diagnostic  in  cases  of  iK)isoniug,  no  other  drug  excepting 

rioe  liaving  this  effecL     Death  is  due  to  paralysis  of  the  respira- 

'  centre  fnjra  the  direct  action  of  the  poison*  altliough  this  may  l>e 

by  aniemia  of  the  medulla  from  the  imperfect  cireulatiou. 

small  doees  aoonitine  induces  slowing  of  the  heart  and  slight 

ir  weakness,  which  is  often  accompauial   by  tingling  of  the 

tongue  and  throat. 

lActioiL — ^The  prickling,  tingling  sensation  is  due  to  an  affection  of 

s  TenDinal  Organs  of  tlie  Seasory  Nerves,  as  is  shown  hy  its  appearing 

;ftt  the  point  of  application  of  the  drug.     Thus,  wlien  aeonitine  is 

lowed  the  prickling  and  warmth  is  felt  in  the  lips,  tongue,  and 

St,  and  after  small  doses  may  be  confined  to  these  parts,  while  if 

i  (hutment  containing  aeonitine  be  rubbed  on  the  skin,  the  same  sen- 

iioa  is  induced  locally.     But  no  redness  or  swelling  of  tiie  skin  is 

idoed,  nor  are  blisters  formed,  so  that  aeonitine  differs  entirely  fi"om 

•  elass  of  skin  irritants  (page  7H).     It  evidently  acts  by  stimulat- 

tbe  terminations  of  the  sensory  nerves,  more  especially  those  of 

on  sensation,  while  the  other  sensory  end  organs  hav^e  not  been 

own  to  be  involved.     Thus,  apart  from  the  bitter  taste  which  it 

in  common  with  all  alkaloids,  aeonitine  has  no  effect  upon  the 

\  organs  during  this  stage.     The  stiuudation  afterwards  passes  into 

lion,  which  induces  a  sense  of  nural>oess  at  the  point  of  appliea- 

B,  and  in  cases  of  pois«ining,  in  all  the  surfaces  of  tlie  bjdy.     The 

I  nerves  seem  to  be  involved  in  this  effect,  if  La  horde's  statement 

>  correct  that  sweet  substances  have  no  taste  after  aeonitine.     The 

ritation  of  the  sensory  terminations  often  causes  a  number  of  reflexes, 

188  sneezing,  coughing,  increased  secretion  of  saliva  and  vomiting, 

jh  some  of  these  may  be  due  in   part  to  stimulation  of  the 

dnllary  centres.     Evidence  of  the  stimulation  of  Other  Terminatlona 

presented  in  fibrillary  twitching  of  the  muscles  in  the  frog  and 

ttedcEied  in  mammals.     This  is  prevented   by  curam,  but  not  by 

iSxufk  of  the  nerves,  and  is  therefore  attributed  to  stimulation  of  the 

tcriuiaatioas  of  the  motor  nerves  in  mtiscles.     The  muscles  themselves 

irt  cotaparatively  little  affected.      Waller  states  that  e^^^u   minute 

^'lantities  of  aeonitine  abolish  the  irritability  of  nerve  fibres  when  it 

iiJiriectly  applied  to  them. 

The  eff:?cts  of  aeonitine  on  the  Oirenlation  are  somewhat  complex,  as 
^  ^rt  is  jafjTecUHl  directly  bv  it.  as  well  as  tlirough  its  inhibitory 
wr^  and  the  \^asgi:jn£it<*r  centn^  is  stinHil;it^"d  in^aZTTiFrniT  The 
wOpheart  isfirst  aecelerai*  J  t'n^ru  tin'  ^lijvrt  action  of  the  poison,  hut 
*ki8  i»oa  passes  into  the  glow  pulse  and  prolougwl  diastr^Ie  which  are 
Aatwteristic  of  inhibitory  action.  The  snbsequent  standstill  mav  at 
fipitbe  removed  by  atmpine,  but  si>mewhat  later  this  reme<ly  fails,  as 
thednig  begins  to  act  directly  on  the  heart.  A  scHX)nd  acceleration 
''^y  be  thus  induoedy  but  the  contractions  soon  become  irregular,  and 
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groups  of  almost  normal  beats  alternate  with  perist^iltic  move 
which  fail  to  expel  any  blood  from  the  heart.     Later,  the  large  con 
tioDS  may  alteruate  with  periods  of  complete  quiesceQce  in  the  ventrl 
while  the  auriclGs  continue  to  beat,  and  Btiraulation  of  the  ac 
nerve  m  followed  by  periods  of  regular  contraction.     The  heart  ma 
seems  to  have  lost  in  great  part  its  power  of  conducting  impuls 
that  the  contraction  of  the  auricle  often  fails  to  excite  a  ventric 
systole;  but  if  the  cx^ndnctivity  be  increased  by  stimulation  of  I 
accelerator  nerve,  or  if  the  ventricle  be  excited  by  a  series  of  ele 
shocks^  it  responds  by  rhythmical  contractions. 

In  mammals,  the  preliminary  quickening  of  the  heart  is  maskedl 
the  stroug  stiratilatiou  of  the  vagus  centre*     This  produces  maif 
glowing  of  the  pulse,  an  increased  dilation  in  diastole  and  a  le 
systolic  contmction  ;  the  amount  of  blood  leaving  the  heart  is  consid 
ably  reduced  and  the  circulation  is  slackened.     These  symptoms  arei 
only  ones  seen  in  the  heart  except  with  very  large  doses  of  the  dfl 
They  are  sliown  to  be  due  to  the  action  on  the  iuhibitory  centreij 
the  medulla  by  the  fact  that  section  of  the  vagus  brings  the  heart 
to  its  normal  rate  and  extent  of  contraction.     In  medicinal  doses,  f 
the  only  efieet  of  aconitiuc  on  the  heart  is  due  to  the  vagus  stimuL 
the  direct  ciirdiac  action  not  a^niing  into  play^  and  the  adminlstr 
of  aconite  in  therapeutics  is  one  of  the  best  methods  of  eliciting  ] 
and  unmixed  inhibition. 

In  fatal  doses,  aeon i tine  exerts  a  further  action  on  the  heart, 
ever,  for  the  direct  aiuscular  action  now  comes  into  play  and 
heait  suddenly  accelerates  from  the  slow  vagus  rliythm  to  one  far  ab 
tlie  normal.  At  the  same  time  it  iK^oomes  irregular,  with  a  tende 
towanis  the  formation  of  groupe  of  imperfect  coutmctions  and  of 
tractions  originating  in  the  ventricles  independently  of  the  auricles. 
the  action  becomes  more  intense,  the  irregularity  increases,  and  evea 
ally  the  heart  passes  into  delirium,  A  curious  fact  has  be€*n  noted  by 
several  observers  —  that  after  section  or  paralysis  of  the  vagus,  a  muck 
larger  quantity  of  aconitine  is  required  to  produce  the  acceleration  i 
final  delirium  than  when  the  nerves  are  intact*  It  has  generally  ' 
stated  that  the  cause  of  the  acceleration  is  paralysis  of  the  vagus  te 
nations,  but  besides  this  there  is  evidently  strong  stimulation  of  tbt 
cardiac  muscle,  for  the  acceleration  occurs  after  division  of  the  vj^n 
and  even  in  the  excised  heart.  The  auriculo-ventricular  rhythm  is 
disturbed,  the  auricle  often  beiiting  at  a  diff'erent  rate  from  the  ven- 
tricle, and  the  alternate  consonance  and  dissonance  of  their  contractions 
partly  explains  the  variations  in  the  ventricular  rhytlini  and  strengtk    j 

The  blirad-pressure  in  mammals  falls  rapidly  from  the  lessened  out- 
put of  the  heart  in  the  stage  of  vagus  stimulation.  There  is  some 
evidence  of  an  action  on  some  part  of  the  vaso-motor  mechanism  a^ 
well,  for  some  observers  have  noted  a  rise  in  arterial  pressure  after 
aconitine  in  animals  in  which  the  vagi  had  been  divided  or  paralya'd 
before  the  exhibition  of  the  drug.  The  fact  that  the  vagus  centre  is  so 
strongly  stimulated  woidd  also  suggest  the  probability  of  some  iucrea^^ 
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mty  of  the  vaso-motor  area.  After  the  stage  of  acceleration 
I  Ihe  blood-pressiire  becomes  extremelj  irregular^  alternately 
I  «ero  and  remaining  at  that  point  for  some  seconds  and  again 
a  fiair  height.     Th€»se  variations  are  evidently  due   to  the 

05  in  the  heart's  movements.  The  vaso-niotor  centre  seems 
f  to  become  paralyzed,  for  it  has  been  found  that  stimulation 
frent  nerve  produced  no  change  in  the  tension,  while  stimida- 
le  efferent  vaso- motor  nerves  still  caused  a  marked  increase. 
-motor  nerves  and  their  terminations  in  the  periphery  seem  to 
stied  by  this  poison, 

espiration  is  early  affected  by  aoonitine ;  it  becomes  much 
le  raovements  are  more  labored  than  normally,  and  the  anl- 
re  from  markeddyspinea.  The  accessory  respiratory  muscles 
rigoronsly,  and  the  movements  of  the  abdominal  expiratory 
are  so  poflrerful  as  to  suggest  the  movements  of  vomiting 
kan  of  respiration.  In  lata!  cases  the  respiration  soon  be- 
rerrupted  by  convulsions,  and  in  the  intervals  between  these 
wreaker  and  eventually  cease-s.  Various  explanations  of  the 
y  phenomena  have  been  given.  It  is  certainly  not  due  to 
1  the  phrenic  terminations,  for  the  diaphragm  c<3n  tracts  on 
stimulation  of  these  nerves  after  its  spontaneous  movemeuU 
ied.  The  dyspncea  resembles  somewhat  that  seen  on  stimu- 
the  centripetal  fibres  of  the  vagus,  and  the  theory  has  been 
ied  that  aconitine  stimulates  the  vagus  terminations  in  the 
the  same  way  as  the  sensory  terminations  in  the  skin.  The 
pnoea  is  seen,  however,  when  aconite  is  given  after  section  of 
so  that  it  seems  to  be  due  to  some  action  on  the  respiratory 

stion  nf  aconitine  on  the  Central  Nervous  System  is  still  a 
'  dispute,  as  the  effects  on  the  peripheral  nerve-ends  tend  to 
he  symptonxs,  but  there  can  be  no  duubt  that  certain  parts  are 
d.  Thus,  the  vagus  centre  is  undoubtedly  thrown  into  a  con- 
increased  irritability,  for  inhibition  of  the  heart  is  a  marked 
'  tlie  action.     Probably  the  vaso-constrictor  centre  also  under- 

6  stimulation,  and  the  vomiting  so  often  seen  may  be  caused, 
in  part,  by  increased  irritability  of  the  medullary  centres, 
Tllsions  seen  in  both  cold-  and  warm-filooded  animals  also 
central  stimulation,  and  the  respiratory  symptoms  are  certainly 
1  origin,  though  their  explanation  is  still  unknown.  The 
utres  seem  to  be  almost  unaffected  by  the  drug,  for  conscious- 
often  remaineil  to  the  end,  and  when  this  is  not  the  case,  the 
^mptoms  are  to  be  ascribed  to  the  changes  in  the  heart  and 
)n.  The  stimulation  produced  by  aconitine  is  therefore  con- 
some  of  the  lower  divisions  of  the  central  nervous  system  — 
Tticularly  to  the  medulla  oblongata.     Some  authors  suppose 

paralyzing  action  which  succeeds  the  stimulation,  is  more 
in  the  sensory  than  in  the  motor  sphere  and  as  evidence  of  this 
ien  pointed  out  that  in  frogs  the  reflexes  disappear  before  the 
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voluntary  movements,  but  this  is  explained  by  the  anesthetic  actii 
aeon i tine  ou  the  skin  and  cannot  be  accepted  as  evidence*    The  parat 
advances  ranch  more  rapidly  in  the  respiratory  centre  than  eWwl 
and  death  occurs  from  asphyxia,  while  the  rest  of  the  central  nervf 
system  is  shown  to  be  still  irritable  by  the  occurrence  of  couvulsii 

The  muscular  weakness  often  complained  of  after  comparatively  si 
quantities  may  be  due  to  the  depression  of  the  circulation  through 
inhibitory  action,  or  to  nausea. 

The  SecretioE  of  saliva  is  greiitly  increased  by  aconitine  from 
irritation  of  the  sensory  terminations  in  the  mouth  and  from  the  nau! 
The  cold  perspiration  observed  in   pois4:>ning  may  be  ascribed  to 
collapse  rather  than  to  any  direct  action  on  the  sweat  glands,  alth< 
Anbert  states  that  aconitine  is  a  powerful  diaphoretic  in  itself. 

Aconitine  causes  a  nmrked  fall  of  Temperature  bi>th  in  fever  and, 
normal  animals,  but  tne  precise  way  in  which  this  action  is  elicitedj 
unknown.  B  run  ton  and  Cash  found  that  after  aconite  the  temperal 
fell  more  rapidly  than  usual  if  the  animal  was  kept  in  a  cool  bath, 
rose  more  readily  if  it  was  subjected  to  external  warmth.  The  fall 
temperature  is  generally  ascribed  to  the  depression  of  the  circuki 
from  the  inhibitory  action,  but  this  observation  would  seem  to  Indii 
that  aconite  also  acts  upon  the  centres  regulating  the  temperature 
the  body. 

In  cases  of  Foisoniiig  in  animals  atropine  has  been  found  to  alle^ 
the  symptoms  and  not  inft'cquently  to  lead  to  recovery  after  doses  which 
would  otherwise  have  been  fatal.  This  improvement  is  more  espe» 
cially  marked  in  the  respiration  which  may  resume  its  normal  charao* 
ter  and  persist  until  heart  paralysis  sets  in.  Boehm  explained  this  by 
a  supposed  action  on  the  terminations  of  the  vagus  in  the  lung,  but  tt 
is  more  probably  to  be  ascribed  to  the  stimulant  action  of  atropine  on 
the  respiratory  centre.  In  those  cases  the  cause  of  death  is  said  to  be 
cardiac  paralysis,  but  the  stage  of  irregularity  and  the  final  delirium 
cordis  is  certainly  retarded  very  considerably  by  atropine.  Atropiae 
appears  to  be  the  antidote  from  which  most  is  to  be  hoped  for  in  cases 
of  aconite  poisoning. 

Aconitine  is  Excreted  mainly  by  thp  nrinft.  Minute  quantities  have 
also  been  found  in  the  saliva  and  bile. 

Ben^aconin©  is  very  mtich  less  poisonous  than  aconitine  and^  in  fact.,  can 

scarcely  be  included  among  active  poisons,  though  very  large  quantities  act 
on  the  heart,  slowing  it  and  rendering  it  iiTegular,  and  also  depress  the 
respiration.  It  has  no  effect  on  the  sensory  terminations,  Aeonine  itself  i^ 
almost  inactive,  but  large  quantities  strengthen  the  heart  beat  and  panil\T« 
the  terminations  of  the  motor  nerves  like  curara.  It  seems  unitkeiy  that 
these  alkaloids  have  any  iiiJiuence  on  the  action  of  the  aconite  preparations, 
although  the  possihility  cannot  be  excluded  at  present. 

The  alkaloids  obtained  from  some  other  species  of  Aconitum  have  be«i 
found  to  differ  eonsidembly  from  aconitine  and  pseud  aconitine  in  theinw- 
tion.  In  Aconitum  septentrionale  three  bases  lappaconittne,  septenirhnaliM 
and  ct^noctonine  have  been  discovered.  Lappaeonitine  causes  clonic  <^ttvul" 
flious,  vomiting,  dyspnoea  and  finally  paralysis  of  the  respiration  and  hetfti 
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I.^IS  sensibility  of  the  skin.     Septeiitrioaalitie  does  oot 

Tebd  internally,  but  injected  subciitaDcously  mducea 

,  and  later  pai-alysis  of  the  raotor  terminations  like  ciirara. 

Bineisalso  inaictive  when  swallowed  aud  is  le>s^  poi^ooons  than  the 

when  applieii  by  hypodermic   injection  when  it  cuiwes   t<>nic   and 

cun\mlsiond   which   are  not  generally  followed    by  paralysis.     Two 

l^eaconiline  tiiidmt/octomne^  have  been  found  in  Aconitum  lycoeto- 

fand   induce  almost   identieul  symptoms.     They  increase   the   reflex 

lity,  and  this  is  followed  by  convulsions  and  later  by  paralysis  of  the 

oQs  of  the  motor  nervee  and  by  failure  of  the  heart. 


Preparations. 

(U.  8.  R),  Aconiti  Eadix  (B,  P.),  the  root  of  Acomtum  Na- 
,  monkshood. 

Acoxm  (U.  S,  P.),  1-5  drops  every  1-3  hours. 
AooNiTi  (B,  P,),  5-15  mins.     If  frequently  repeated,  2-5  mina, 
f  Aconiti  (U,  S.  R),  0.01^0.06  0.  (i-l  gr.). 
Aroniti  Fluid  urn  (U.  S,  P.),  0.05-0.1  c.c.  (1-2  mina,). 
ittm  Aconiti  (B.  F,). 
;  (B.  P.),  an  alkaloid  obtained  from  aconit-e  root  and  having  the 
"_NOj,.     It  is  almost  ins*>luWe  in  wat«r  but   is  freely  soluble  in 
^oaniercial  aconitine  very  oflen  contains  large  amounts  of  aconine 
oaine  and  therefore  varies  considerably  in  activity. 
iMiii  Aconitine  (B,  P.),  2  percent. 

(U.  8.  P.),  Staphisagrim  Semuia.  (£.  P.),  the  dried  ripe 
I  of  Delphinium  staphisagria,  stavesacre, 
iADt  Staphi^agrisc  (B»  P.), 

Uses,  —  Aconite  is  employed  to  a  considerable  extent  in 
,  the  United  States  aod  France,  while  it  has  fallen  into  disuse 
ae  other   ooiintries.     Its  pharraacological  action  suggests  its  use 
gw  and  weaken  the  heart  and  circulation,  to  lower  the  temperature 
[to  beQiimb   the  terniiniillons  of  the'  sensory  nerves  in  the  skin, 
is  often  preiscribej  to  alow  the  pulse,  but  it  has  other  effects 
ithe  heart  and  circulation,  aud  where  these  are  not  indicated,  aconite 
:well   be  used,     R>th  drugs  slow  the  pulse  in  the  same  way,  but 
aconite  slackens  the  circulation  and  lowers  the  blood-pressure, 
aooelerates  the  blood  current  and  increases  the  arterial  tension, 
temperature  is  also  reduced   by  aconite,  but  the  newer  antipy- 
I  have  supplanted  it  for  this  purpose,  as  they  are  more  certain  and 
powerful   in  their  effects.     The  tincture  is  still  prescribed  how- 
fc,  anil  ought  to  be  given   in  small    repeated  doses.      When  fever 
'Tiatlcnded  by  a  very  quick  pulse,  aconite  is  especially  likely  to  be  of 
*mi^,  but  it  ought  to  be  avoided  when  the  heart  is  very  weak. 

The  action  of  aconitine  on  the  sensory  nerve  terminations  has  been 
Wtea  advantage  of  in  cases  of  neuralgia,  and  there  is  decidedly  much 
'^re  reason  for  its  use  than  for  that  of  the  great  majority  of  drugs 
'^uted  to  be  beneficial  in  this  condition.  Either  the  tincture,  or  a  2 
pffoeot.  solution  of  the  alkaloid  in  oil,  or  the  ointment  of  the  B.  P. 
Ittiy  be  employed  externally.  AcfHiitine  has  also  been  injected  sub- 
*''''***^°^'y  (Tiir~TV  ^^')  "^  neuralgia,  but  this  mode  of  application 
r  not  to  be  reoommended,  as  it  causes  very  severe  pain,  which  in  some 
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cases  lasts  a  long  time.     The   iiiterDal  admiDisiration  of  aconite  in 
Deuralgia  does  not  seem  to  be  followed  by  any  improvement.     Stave 
acre  is  scarcely  used  in  medicine  at  present 
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ZVm.    TERAfEOnS.  ^ 

Several  species  of  tbe  genus  Veratrum  have  been  found  to  contain 
alkaloidsj  the  most  important  of  which  resemble  each  other  in  many 
respects^  and  al^o  present  many  points  of  analogy  to  those  of  the 
preceding  group. 

The  chief  members  of  this  series  are  Veratrine  (cevadine)  and  Protch 
veralnnej  the  former  of  which  is  found  in  Veratrum  Sabadilla  (Asagrtea 
officinalis  or  Sehcenocaulon  ofBcimde),  cevadilla,  and  in  Veratrum 
viride,  Green  Hellebore/  while  the  latter  is  the  chief  active  principle 
of  Veratrum  album,  White  Hellelx^re,* 

Each  of  these  alkaloids  is  aetrompaiiied  by  a  oumber  of  others,  most  of 
which  are  entirely  inat'tive,  while  several  of  tbem  are  only  weak  poisons 
and  posser^s  little  interest.  In  cevadilhi,  in  addition  to  V^atrtne^  there  are 
found  Cei'adiUinej  iSctbadinej  Sc^cuHnifw  and  another  bai^e,  which  is  kno^ti 
as  the  Veratrine  of  Wright  or  Couerbe.  In  white  hellebore  Pro(4yveratrin€ 
is  accompanied  by  Jennne,  Pseudqjertnne,  Eitbijerinne^  Proioreratridine  and 
others.  Green  hellebore  contains  a  little  Veratrine  along  with  Jervine,  Pseu- 
dojermne  and  Evbijertnnfi.  Jervine,  Sabadine  and  Sabadinine  are  known  to 
possess  some  action  on  the  organism  ;  eevadillineand  Wright^  s  veratrine  have 
not  been  examined,  while  the  others  are  said  to  be  inactive. 

Veratrine  (C^H^,NO^)  and  protovenitine  (C^^H.^NOj^)  are  both 
powerful  alkaloids,  the  latter  almost  rivaling  aconitine  in  its  toxicity. 
Veratrine  can  l>e  decomposed  into  angelic  acid  and  a  base,  cevine» 
which  seems  to  be  nearly  relate  to  aconine.  Protoveratine  is  prob- 
ably a  combination  of  isobutyric  acid  and  a  similar  base.  Veratrine 
ocxsors  in  two  forms,  one  crystalline,  the  other  amorphous  ;  the  one 
passes  easily  into  the  other,  and  their  effects  are  identical  in  animals. 

*  Hellebore  is  aljwjtlie  |:>opi3lar  name  of  Hellehorua  niger,  which  dlHets  enlirely  from 
Vemtpim  in  its  prj'nciples  and  also  in  its  action. 
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The  effects  of  veratrine  ou  tho  ceotral  norvons  system  and  the  sen- 
Lforj  terramations  resemble  those  of  aconitine  very  clot-ely.  On  the 
Dther  hand  the  muscles  present  a  curious  reaction  to  veratrine,  which 
ffe  entirely  absent  in  aconitine  poisoning. 

Sjmptoms.  —  The  symptoms  in  man  and  other  mainnials  commence 
with  prickling  and  burning  in  the  mouth  followed  by  a  sensa- 
tion of  warmth  in  the  stomach,  marked  salivation,  nausea,  and 
vomiting.  The  bowel  i:^  more  involved  in  the  effects,  than  is  the  case 
in  aconitine  poisoning,  for  violent  purging  accompanied  by  severe  colic 
lA  a  common  symptom.  The  prickling  sensation  8«x*n  spreads  from  the 
mouth  and  throat  to  the  skin,  and  is  generally  followed  by  profuse  per- 
spLFBtion.  The  pulse  becomes  slow  and  irregular,  the  respirations 
glow  and  labored.  Fibrillary  contractions  of  the  muscles  and  convul- 
>ns  are  generally  observeil,  and  after  some  time  collapse  sets  in  and 
followed  by  unconsciousness  and  eventually  by  respimtory  tailure. 
Action.  —  When  veratrine  is  applied  in  ointment  to  the  Skin  the  same 
prickling,  warm  sensation  may  be  elicited  locally,  and  some  of  the 
poison  is  absorbed,  as  is  shown  by  these  symptoms  sometimes  occur- 
ring in  other  parts  of  the  body.  The  cause  of  this  is,  as  in  the  case  of 
aoonite,  stimulation  of  the  terra i nations  of  the  sensory  nerves.  This 
action  causes  violent  sneezing  and  cougliing  when  small  quantities  of 
veratrine  come  in  contact  with  the  sensitive  mucous  membranes  of  the 
Qooe  and  throat  and  the  Sabadilla  is  therefore  known  popularly  in 
Germany  as  Nieswurz  (Sneeze-wort).  After  the  irritant  action  has 
lasted  for  some  time,  the  sensory  terminatinns  in  the  skin  become  less 
sensitive,  and  a  feeling  of  numbness  and  of  cold  is  nntcnl.  Protovera- 
trine  seems  to  cause  less  irritation  of  the  sensf»ry  terminations  than 
veratrine,  and  the  subsequent  local  anaesthesia  is  more  complete. 

The  Tenoiii&tlans  of  the  Motor  Nerves  are  paralyzed  in  the  frog  by 
large  quantities  of  veratrine,  but  tliis  paralysis  is  not  preceded  by  an 
increase  in  their  irritability,  as  was  formerly  supposetL 

The  Kaosea  and  Vomiting  which  are  invariably  present  in  veratrine 
poisoiling,  may  be  due  in  part  to  the  irritation  of  the  s€*nsory  termina- 
[)ns  of  the  stomach,  but  nnist  prolmbly  be  attributed  for  the  chief 
irt  to  central  action.  The  salivation  may  be  merely  secondary  to 
this  emetic  effect,  or  the  poison  may  act  on  the  salivary  gland  di- 
r«*ctly.  Nothing  is  known  with  certainty  regarding  the  cause  of  the 
PttTiration,  but  it  is  presumably  induced  by  some  action  on  the  nervous 
mi^hjinism  of  the  intestine.  The  profuse  Perspiration  which  follows 
tlie  inji'ction  of  lai^  quantitit^  of  veratrine,  and  the  cutaneous  secre- 
»n  noted  in  the  frog,  have  been  attributt^  to  stimulation  of  the  ter- 
linations  of  the  nerves  regulating  the  activity  of  the  glands. 
The  most  characteristic  action  of  veratrine,  however,  is  that  on  the 
Striated  Muscles.  If  a  small  quantity  be  injected  into  the  lymph-sac 
of  a  frog  a  curious  clnmsiness  and  awkwardness  in  the  movements 
IxK^omes  apparent,  and  af^er  a  few  minutes  it  is  evident  that  this  is 
dtie  to  inability  to  relax  its  muscles.  When  a  muscle  is  exposed,  it  is 
MOl  to  contract  as  rapidly  as  usual,  but  instead  of  immediately  relax- 


Tneliigii  of  miiftoolar  oontra^'tions  from  tbe  gaHtrocneitihis  of  the  frog,    a,  Dormal.    b,  thr^e  ■ 
sire  ooDirmctlonji  Iftken  bI  Int^rTala  of  t^ue  tDltiuiH^  five  mljiutea  alter  t£o  iLjectiuLi  of  verst/tM.   Tki 
coo  traction  is  bigber  luid  much  mom  proloag«d  tbui  lu  <i,  and  U&e  levftr  ret  urns  TOy  tlovlj  lo  Uh 
bftse  Jtne. 

immediately  after  flexing  it,  as  it  does  ordioarily  in  crawling,  and  loco- 
motion becomes  very  slow  and  ungainly. 

Thia  characteristic  action  is  most  easily  seen  on  comparing  the 
tracings  obtained  from  a  muscle  stimulated  directly  by  single  induction 
shocks  before  and  after  the  application  of  veratrine  (Fig,  32).  In  the 
first  part  of  the  tracing  it  will  be  observed  that  the  height  of  the  con- 
traction is  increased  by  veratrine^  but  this  feature  sinks  into  the  bad[- 
ground  before  the  marked  prolongation  of  the  second  part  of  tlie  curve. 
Instead  of  the  almost  instantaneous  return  to  tlie  base  line  seen  in  the 
normal  tracings  the  curve  shows  generally  a  slight  nndulation,  and  tbeft 
a  very  slow  fall,  the  period  of  rela^cation  generally  being  20'-30  time^ 
as  long  as  that  in  the  unpoisoued  muscle,  and  the  whole  contraction 
lasting  5*10  seconds  in  favorable  circumstances.  If,  however,  dw 
muscle  be  stimulated  repeatedly  at  short  intervals,  so  as  to  iaduoe 
fatigue  J  the  length  of  the  curve  decreases  until  it  cannot  be  distin- 
guished from  the  ordinary  muscle  tracing;  a  similar  efiect  is  produced 
by  subjecting  it  to  cold,  or  by  heating  it  beyond  a  certain  point,  while 
moderate  heat  increases  the  abnormalities  of  the  tracing.  If  an  un- 
poisoned  muscle  be  stimulated  repeatedly,  so  as  to  induce  fatigue,  and 
veratrine  be  then  injected,  it  is  found  that  a  marked  improvement  m 
the  contraction  occurs,  so  that  while  fatigue  lessens  the  prolongation 
of  the  veratrine  curve,  veratrine  removes  to  some  extent  the  effect  of 
fatigue.  In  the  prolonged  contraction  more  energy  is  used  up  than 
usual,  and  the  amount  olf  heat  formed  during  muscular  contraction  \b 
therefore  increased  by  veratrine.  Besides  the  alterations  seen  in  th^ 
tracing,  veratrine  increases  the  irritability  and  absolute  strength,  so 
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ihe  muscle  reacts  to  weaker  stimuU  and  contracts  agaiost  a  greater 
t  than  uBiial* 

e  muscular  pheiiomeua  are  best  observed  in  the  frog,  bnt  can  also 
""elicited  in  warm-blooded  animals,  although  in  the  latter  they  do  not 
X  such  an  imjKjrtaDt  r6le  in  the  symptoms  of  poisoning.  In  the 
;  the  ramscle  is  finally  paralyzed,  but  ihis  does  not  <X!Ciir  in  raara- 
nal'i,  as  here  the  re-spiratory  centre  faik  long  before  the  quantity  of 
Veiutrine  necessary  to  induce  this  effect  has  bt^en  absorbed. 

The  first  explanation  that  suggests  itself  for  the  curious  muscular 
fhenomena,  that  they  are  due  to  some  change  in  the  nervoiLs  system, 
|b  negatived  by  the  fact  that  excised  muscles  show  exactly  the  same 
taction.  Bezokl  explained  the  prolongation  by  supposing  that  a 
diAage  was  produced  in  the  moscle  sn Instance,  by  virtue  of  which  a 
itDgle  stimulus  was  enabled  to  set  up  a  tetanic  contraction  ;  but  this  is 
|*Aoim  to  be  incorrect,  for  if  the  nerve  of  another  nerve-muscle  prepa- 
ntion  be  laid  on  the  veratrinized  muscle,  no  secondary  tetanus  is  set  up 
ID  ii,  as  would  be  the  case  if  the  first  muscle  were  undergoing  tetanic 
tontraction.  The  generally  accepted  view  is  that  veratrine  increases 
catabolic  changes  in  muscle,  and  thereby  induces  a  prolongation  of 
period  of  active  contraction,  an  well  as  an  increase  in  tlie  height  of 
ion  and  in  the  absolute  strength*  FatiguCj  by  reducing  the 
t  of  substance  capable  of  undergoing  catabolic  change,  and  cold, 
increasing  its  stability,  counteract  the  effects  of  veratrine. 

I  Ih©  traciDg  of  veratrinized  muscle  a  curious  undulation  is  frequently 

I  at  the  top  of  the  contraction,  or  the  ascent  may  at  first  be  rapid,  then 

r,  and  then  again  more  nipiil.     This  has  been  ascribed  to   veratrine 

5  difTerently  on  the  two  forma  of  muscle  fibre,  the  gray  and  the  red,  but 

^M"^  explanation  haft  recently  been  shown  to  be  erroneous  (Carvallo  and 

a).     Botazzi  supposes  that  the  initial  contraction  is  due  to  the  aniso- 

i  sabttance,  while  the  secomlary  slower  and  prolonged  contraction  is 

ileisd  by  increased  activity  of  the  sarcoplasm.     The  electrical  organ  of 

\  torpedo  m  ajiparently  affected  by  veratrine  in  the  same  way  as  striated 

rWaUer  has  recently  shown  that  veratrine  abolishes  the  irritability 
ftbe  peripheral  nerves  when  a  solution  is  applied  to  them  directly, 
Protoveratrine  differs  entirely  from  veratrine  in  it^  effects  on  the 
LAtfiolei  and  the  terminations  of  the  motor  nerves.     The  latter  are  not 
^kl72ed  even  by  the  largest  quantities,  while  the  contraction  of  the 
Hfecleis  rather  shortened  than  prolonge<l.     The  contraction  is  higher 
BU  the  absolnte  strength  is  increased,  but  fatigue  is  induced  more 
^llly  than  in  the  unpois<ined  muscle,  so  that  protovemtrine  appears 
to  increase  the  muscular  force  temporarily,  bnt  Icad^  to  its  early  ex- 
haustion. 

Cirtnlation.  —  The  ventricular  muscle  of  the  frog's  heart  ia  affected 
^  veratrine  in  very  much  the  same  way  as  the  ordinary  striated 
onfecle,  while  the  auricular  nmsclej  consisting  chiefly  of  nnstriated 
"Wjis  much  less  altered.  The  ventricular  systole  is  at  first  stmnger 
^  more  prolonged ;  somewhat  later  one  part  of  the  ventricle  is  seen 
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to  remain  contracted  during  the  alternate  diastoles  of  the  rest,! 
waves  of  contraction  spread  over  the  heart  resenibling  the  peris 
movements  uf  the  intestine  rather  than  the  ordinary'  contractioDs I 
the  heart.     The  whale  v^entriole  is  smaller  than  usual,  and  but  lit| 
blood  IS  expelled  into  the  aorta*     Still  later  the  persistent  oi>nt 
spreads  over  the  whole  ventricle,  so  that  it  dilates  only  half 
as  it  did  at  first,  while  the  auricles  maintain  their  original 
This  is  evidently  due  to  action  on  the  muscle ;  the  contraction 
prolonged  as  to  limit  the  number  of  diastoles,  and  the  ventricle  < 
therefore    react  only   to  every  alternate  contraction   of  tlie   aark 
After  this  "  half-rhythm  ''  has  persisted  for  some  time,  the  contracti 
become  slower  and  weaker,  and  the  heart  finally  comes  to  a  stand 
The  behavior  of  a  frog*8  heart  under  veratrine  resembles  closely  I 
characteristic  of  the  digitalis  series. 

In  mammals,  the  chief  circulatory  symptoms  arise  fpom  stimulate 
of  the  mednllary  centres  resembling  that  seen  in  the  earlier  stages  I 
aconite  poLsi^ning.     The  stimulation  of  the  cardiac  inhibitory  ceni 
produces  slowing  of  the  heart  and  a  decrease  in  its  output,  while  att 
same  time  the  peripheml  vessels  are  contracted  by  the  increased  acti\i 
of  the  vaso-motor  centre.     xVfter  larger  quantities  the  terminations  ( 
the  vagus  are  paralyzed,  and  the  vaso-motor  centre  is  at  the  same  tilj 
depressed,  so  that  the  pulse  becomes  quicker,  but  the  blood-pressure j 
somewhat  lowered.     In  the  mammalian  heart  no  such  prolongation! 
the  systole  is  seen  as  in  the  fmg*s,  but  that  a  slight  stimulant  acti( 
is  exercised  by  veratrine  is  shown  by  the  fact  that  very  large 
quicken  the  rhythm  even  after  atropine,     Veratrine,  therefore^  se 
to  resemble  aeon i tine  in  its  efiFects  on  the  mammalian  circulation,  I 
ranch  larger  quantities  are  required  to  produce  the  same  effect^  ] 
the  more  evident  symptoms  of  stimulation  of  the  myocardium  are 
elicited. 

The  Respiratory  Olianges  under  veratrine  also  resemble  those  una 
aconitine,and  in  both  the  cause  of  death  is  the  same — paralysis  of  t 
respiration. 

The  Central  Nervous  System  seems  to  undergo  stimulation  und 
veratrine  as  under  aconitine.     This  is  evidenced  by  the  couvubio 
seen  in  mammals  as  well  as  by  the  stimulation  of  the  medullary  centr 
already  noted.     After  large  quantities  of  the  poison  this  stimulatioa 
gives  place  to  paralysis,  terminating  in  failure  of  the  respiration, 
highest  centres  seem  less  affected  tlian  the  spinal  cord  and  medull 
oblongata,  for  complete  consciousness  has  remained  until  immediati 
before  deatli  in  several  fatal  cases. 

The  Temperature  is  sometimes  found  lower  than  the  normal  af 
veratrine,  probably  owing  to  the  slowing  of  the  circulation.  In  othd 
cases,  when  the  convulsive  movements  are  very  marked  and  the  be* 
production  is  therefore  much  increased,  the  temperature  has  beei» 
found  somewhat  higher  than  usual.  In  eases  of  poisoning  in  miimma^ 
atropine  is  said  by  Lissauer  to  have  some  value,  probably  owing  to  iv| 
action  on  the  respiratory  centre  and  on  the  vagus  terminations  in  the  heart- 
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\  the  other  alkaloids  of  this  series,  jervine,  sabadilline  and  saba- 
ilo  possess  the  same  a€tiou  as  vera  trine,  but  are  much  less  poison- 
^toveralrine,  which  as  has  been  saiil,  differs  from  veratrine  chiefly 
in  not  prolonging  the  musculur  eontraction  and  in  the  effects  on  the  sensory 
terminatioDS^  is  much  more  poiJMjnous*  Its  action  resembles  that  of  aconitine 
m3  much  as  that  of  veratrine,  and  it  may  therefore  be  regarded  as  a  Liu k  con- 
nadiDg  the  two  groups. 

Preparations. 

Veratiiiia  (TJ,  S,  P.,  B.  P.),  a  mixture  of  alkaloids  obtained  from  the  seeds 
of  AflAgnea  officinalis  (U.  S,  P,);  a  mixture  of  alkaloick  prepared  from  ceva- 
dilla,  tbe  dried,  ripe  seeds  of  8choenocaulon  officiuale  (B.  P.),  forms  a  white 
or  grmy,  amorphous  or  semi-crj^stnlline  powder  without  odor,  but  causing  in- 
tejiae  irritation  of  the  uostrik,  with  an  acrid  taste  and  leaving  a  sensation  of 
tingling  and  numbness  on  the  tongue.     It  is  insoluble  in  water  but  soluble 

Ctn  alcohol.     It  contains  veratrine  and  the  other  alkaloids  of  the  plant. 
t'n^tMfit/ifm  Veratriniv  (V.  8.  R,  B.  P.). 
I     Oitatum  Verutrinw  (U.  8.  P,). 
Veratmm  Viride  (IL  S.  P.),  American,  or  Green  Hellebore,  the  rhizome 
and  roots  of  Vcratrum  viride* 
,    Extraeium  I'eratri  Vindw  Fhtklmn^  0.2-0.5  e.c.  (3-6  mins.), 
I     Tinctura  Veratri  Viridis,  0.2-0,5  c.c.  {\i-G  mins.). 

Tlierapeatic  Uses.  —  The  therai>eutic  uses  of  the  members  of  this 
series  are  extremely  limited.  A^eratriiie  is  used  in  the  form  of  the 
Oikate  or  ointmeut  as  an  external  application  in  cages  of  neuralgia,  and 
is  certainly  a  safer  remedy  than  aconite.  Neither  its  pharmacological 
ftcrioQ  Dor  therajieutie  experience  supplies  any  indications  for  its  inter- 
nal use,  Vcratrum  viride  is  used  internally  in  the  same  class  of  cases 
as  aconite,  but  as  its  activity  is  due  to  veratrine  it  might  well  be  dis- 
csarded  firom  the  pbarmaa>i>ceia,     Vcratrum  album  is  also  a  superfluous 
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(ProtoTentrine*) 


XIX.     EMETINE  (IFECACUAKHA). 

IpecaeuaBha  (Cephaelis  Ipecacyanlia)  has  long  been  used  for  its 
emetic  and  expectorant  virtues,  and  was  until  recently  belie ve<l  to 
oontain  only  one  alkaloid.  Emetine.  Paul  and  0>wnley  have  shown, 
liowever,  that  this  so-ealled  princ[[»le  m  really  made  up  of  two  distinct 
alkaloids,  LkphaJine  {Q^^H.^^O^)  and  Emetine  {Q^^U^IQH ^1^0 ^,ho^ 
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of  which  are  quinoliue  derivatives  and  produce  almost  identical  ef- 
fects. It  seems  probable  timt  oue  or  both  of  them  are  formed  by  a 
number  of  other  plants,  some  of  whieh  have  beeo  used  as  emetics  in 
former  times,  and  among  which  may  he  mentioned  several  species  of 
violet.  Their  chief  action  is  exerted  on  the  alimentary  caual^  although 
they  are  also  local  irritants, 

S3rmptoma  and  Action.  —  When  administered  internally  emetine  has 
a  bitter,  acrid  taste,  and  produces  a  coi>ious,  salivary  secretion,  fol- 
lowed later  by  nansea  and  vomiting  with  the  usual  attendant  symp- 
toms. The  drug  is  generally  largely  eliminated  by  vomiting,  so  that 
no  further  effects  are  observed.  When  injected  hypodermically, 
however,  it  induces  nansea,  vomiting  and  purging,  and  blood  is  fre- 
quently voided  in  the  8t*K>Is,  a  condition  of  collapse  follows,  and  the 
animal  generally  dies  of  exhaustion  in  the  course  of  a  few  hours  aftxa* 
the  onset  of  the  symptoms.  Very  large  C|uantitie8  injected  subcuta- 
neously  or  intravenously  may  fail  to  elicit  vomiting,  but  the  a>l lapse 
symptoms  appear,  and  after  some  weak  convulsive  movements,  the 
animal  dies  of  cardiac  failure.  In  those  cases  in  which  death  tbltows 
rapidly  on  the  injection,  no  pathological  lesions  may  be  found  after 
death,  but  in  ex|ieriments  where  smaller  quantities  are  injected,  and 
the  animal  survives  for  18-24  hours,  the  stomach  and  intestine  often  ex- 
hibit the  appearances  of  an  acute  gastro-enteritis.  The  mucous  mem- 
brane is  swollen,  oonge^sted  and  often  covered  with  a  muco-purulent 
secretion  or  studded  witli  ecchymoseSj  and  in  dogs  ulceration  is  ofi«n 
present.  A  lesion  which  is  not  by  any  means  constant,  but  which 
occurs  in  a  considerable  number  of  animals  and  especially  in  rabbitS| 
18  rede  ma  of  the  lungs. 

Emetine  possesses  a  powerful  IrritaEfc  Local  Action,  w4iich  is,  how- 
ever,  much  more  marked  in  certain  individuals  than  in  others.  The 
smallest  quantity  of  the  powdered  root  of  ipecacuanha  is  snflBcient 
to  induce  in  the  subjects  of  this  idiosyncrasy  considerable  swelling 
and  injection  of  the  conjunctival  and  nasal  mucous  membranes^  with 
salivation,  tears,  sneeaiing,  coughing  and  bronchial  catarrh.  When 
applied  to  the  skin  as  a  linimentj  it  produces  n^Klness,  itching  and  oc- 
casionally a  pustular  eruption,  and  injected  snbcutaneously  it  causes 
pain  and  inflammation,  often  terminating  in  abscess.  Its  act  ion  on 
the  alimentary  canal  also  indicates  its  irritant  properties.  It  has  been 
much  diseussc^i  whetlier  the  emesis  is  wholly  due  to  this  irritant  action 
on  the  gastric  mucous  membrane,  or  whether  emetine^  like  aponior- 
phine,  has  a  specific  action  on  the  centres  in  the  medulla  oblongata  con- 
trolling vomiting.  In  view  of  the  fact  that  emetine,  like  many  other 
irritants  when  injected  subcutaneously,  has  a  specific  action  on  the  ali- 
mentary canal  it  seems  unnecessary  to  have  recourse  to  any  action  on 
the  central  nervous  system^  and  almost  all  the  facts  brought  forward 
as  evidence  of  this  supposed  central  action  have  been  disproved. 

It  is  sometimes  stated  that  section  of  the  vagus  nerves  does  not  prevent 
ipecacuanha  from  causing  vomitings  whereas  if  it  only  irritated  the  stomach, 
the  division  of  these  nerves  (which  are  probably  the  chief  sensory  nerves  of 
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lntom&ch)  ought  to  prevent  it  by  hindering  tho  impulses  reaching  the 
lAulla  and  netting  up  reflex  processes  there.     But  this  statement  has  been 
iict-ed,  and  no  great  weight  can  be  hiid  on  the  argument  in  auy  case, 
!  section  of  the  vagus  alone  causes  violent  and  persistent  vomiting  very 
Thumas  states   that  the   application   of  emetine   solutions  to  the 
tulla  provokes  vomiting,  but  this  method  is  so  open  to  objection  that  his 
em-e  that  the  alkaloid  act*  on  the  vomiting  centre^  can  hardly  be  re- 
ded as  jiistifiable.     On  the  other  hand,  it  may  be  urged  that  if  emetine 
1  on  the  medullary  cent  re  ^  vomiting  ought  to  follow  after  smaller  doses 
I  more  quickly  when  it  is  injected  subcutiineously,  being  thus  more  rapidly 
rbe<i,  than  when  it  is  taken  up  from  the  stomach.     But  thi>*  is  not  the 
for  ipecacuanha  causes  emesis  as  soon  and  in  as  small  quantitiea  when 
I  administered  by  the  stomachy  whereas  apomorphine  which  acts  on  the 
Dire  directly,  acts  much  more  rapidly  and  efficiently  when  it  is  injected 
tteously.     While  the  question  cannot  lie  Siiid  to  be  definitely  settled, 
,  all  the  facts  point  to  peripheral  gastric,  and  not  to  central  action* 
netine  injected  into  a  vein  weakens  the  heart's  action ^  and  induces  a  fall 
fhlood^presaure,  but  when  it  is  injected  sulxnitaneously  or  given  by  the 
Qth  the  heart  is  much  less  atrected, 

ltliefh>g,  emetine  doe^  not  cause  vomiting,  but  a  slowly  advancing  central 
}lymB  follows  its  injection,  the  spontaneous  movements  ceasing  early, 
I  later  the  rellex  excitability  disappearing*  The  contractions  of  the  heart 
reudered  weak  and  irregular,  and  eventually  cease  from  paralysis  of  the 
^  muscle. 
I  The  striated  muscle  of  the  frog  has  been  said  to  be  weakened  and 
iljrzed  by  emetine,  but  this  has  been  disputed,  and  the  muscular  action 
I  in  any  case  slight  and  unimportant  in  frog^  poisoned  with  the  alkaloid. 

The  nausea  and  vomiting  are  accompanied  by  the  usual  syiuptoras — 
lular  weakness  and  depression,  increased  secretion  of  saliva  and  of 
by  the  glands  of  the  throat  and  respiratory  passages,  often  per- 
son and  generally  teraporary  acceleration  of  tlie  pulse.  (See 
imorphine,  p.  235.)  Most  of  the  researches  on  which  the  above 
lents  are  based  have  been  performed  with  "  emetine/'  which, 
^rdiog  to  Patil  and  Cownley,  contains  pure  emetine  and  cephfeline, 
ouostituents  seem  to  resemble  each  other  very  closely  in  their 
however,  cephfeline  being  somewhat  more  powerful  than  pure 

Emetine  and  oephteline  have  not  been  used  in  practical  therapeutics, 
ioQg  preparations  of  the  crude  drug  being  prescribed  instead.    Their 
ttion  18  so  difficult  that  it  seems  unlikely  that  the  pure  alkaloids 
be  made  use  of  in  the  near  future,  and  from  a  comparison  of  their 
effectg  with  thnt  of  ipecacuanha  it  scarcely  seems  desirable  that  they 
Awld  be  introduced.     For  ipecacuanha  is  much  less  liable  to  prodtice 
:iog  than  emetine,  probably  because  the  solution  of  the  alkaloids 
^  retarded  by  the  presence  of  large  quantities  of  tannic  acid  and  other 
im|vurities,  while  at  the  same  time  the  emetic  action  is  but  little  slower 
than  tbat  of  emetine.     Neither  emetine  nor  ipecacuanha  preparations 
*ns  fitiitable  for  hj^dermic  injection  owing  to  their  irritant  properties. 


Pheparations. 

tJ.  8.  P» — Ipecacuanha^  the  root  of  Cephtelis  Ipecacuanha,  The  powdered 
'^^^  ^  prescribed  in  dysentery  in  quantities  of  2  G,  (SOgrs.);  emetic^  2  G. 
t^ P**);  expectorant,  0.06-0.3  G,  (1-5  grs.). 
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Extradum  Ipecacuanha  Fluidum,  expectorant,  0,2-0.5   c.e,   (3-8 
emetic,  2  c.c.  (30  mins.)- 

SrRirpus  Ipecacu.\jvh^,  >  expectorant,  0,1-1  c,c.  (2-15   mins.); 

ViNUM  IPECAcuANHJi:,     J     2-4  C.C.  (J-l  fl.  dr.);  for  a  child, 

Trochi^d  Ipecacuanhje, 

Tbochisci  3IorphinjK  ett  iPECACUANHiB  ;  each  Gontaiiis  0.0016  6.  (A| 
of  morphine  sulphate. 

TiNCTURA  Ipecacuanha  et  Oph  contains  10  per  cent,  opium,  i,  e.,  Ii^ 
the  same  strength  as  laudanum,  0,3-1  c.c.  (5-15  mins.). 

PuLVifl  Ipecacuanha  et  Ofii  (10  per  cent,  opium),  Dover's 
0.3-1  a  (T^l^  gre.). 

B.  P.— Ipec&CEanhie  Eadix,  the  dried  root  of  Psychotria  Ip 
exprectorant^  J-2  grs.;  emetic,  15-30  grs. 

Exiractum  Ipecacuanha  Liquidum,  expectorant,  j— 2  mlus.;  emetic,  15 
mins. 

Acetum  Ipecaciianhm^  10-30  mins. 

ViHTTM  Ipecacuanha,  expectorant,  10-30  mins.;  emetic,  4-6  fl.  dra, 

Trochiscus  Ipecacuanha^  contains  |  gr.  of  the  powdered  root. 

Trochiscus  Morphine  et  iPBCACUANH-fi,  each  contains  V«  K^*  of  i 
phine  hydj"ochloride. 

PuLVia  Ipecacuanha  Compobitus,  Dover's  Powder,  10  per  cent  oplnatl 
5-15  grs.  I 

Pilula  Ipecacaanhm  cum  SciUa,  4r-B  grs.     This  pill  ib  formed  from  Dovei'lJ 
Powder,  and  contains  about  5  per  cent,  of  opium. 

Therapeutic  Uses.  —  Ipecacuanha  has  l>eeD  largely  employed  as  in 

emetic,  and  although  it  has  been  replacH^d  for  some  purposes,  notablj 
in  cases  of  pois<:»iiing,  by  apomorphine,  it  still  has  a  certain  field  of  use- 
fulness in  cases  in  which  an  emetic  is  indicated  but  in  which  the  hypo- 
derm  i  c  m  et  hod  i  s  obj  ec  t io  n  able  ^  as  i  n  c  h  i  Id  re  n .  A  t  p  resell  t ,  i  peciicuaiaha 
is  used  chiefly  as  an  expectoranj^  in  the  treatment  of  inflammatorr 
conditions  of  the  respiratory  pas^ges.  For  this  purpose  it  is  prescrilxii 
in  very  much  less  quantities  than  those  necessary  to  produce  emesk 
It  acta  indirectly  through  its  nauseating  properties,  and  has  the  ad- 
vantage that  its  action  is  much  more  prolonged  than  that  of  apomor- 
phine^  and  at  the  same  time  is  not  so  depressant  as  that  of  several 
metallic  substances,  such  as  tartar  emeticj  which  are  used  for  the 
same  purpose.  It  increases  the  secretion  of  the  bronchial  mucous  mem- 
brane, and  further  tends  to  render  it  more  fluid,  so  that  the  mucus  can  be 
coughed  up  more  easily.  The  increaswi  secretion  may  aho  be  of 
service  by  protecting  the  inflamed  and  irritable  membrane  from  the  oold 
air  and  thereby  lessening  the  cough,  and  in  order  to  strengthen  tli]^^| 
tion  ipecacuanha  may  be  prescribed  in  combination  with  opium^  elflP 
as  a  lozenge  or  in  the  famous  Dover's  powder.  When  the  secretion  of 
the  bronchi  is  already  excessive,  and  the  cough  is  rather  to  be  eiieou^ 
aged  than  repressed ,  these  preparations  are  of  course  contraindicatcd. 
Ipecacuanha  is  also  employed  as  a  diaphoretic,  either  alone  or  more 
commonly  as  Dover's  powder.  The  perspiration  is  not  so  oopioas  a& 
that  following  pilocarpine  and  other  diaphoretics,  but  resembles  rather 
that  produced  by  warmth  applied  to  the  skin.  Dover's  powder  !^ 
therefore  a  common  remedy  in  chills  and  in  commencing  catarrh  of  tb* 
respiratory  passages. 
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COLCHICiyE. 

Ipecacuanha  is  used  very  largely  in  dj^^entery,  particularly  in  tropical 
dysentery,  in  which  it  seems  to  act  almost  as  a  specific.  Its  effect  is 
attributed  by  some  aiithoritie.s  to  the  large  amount  of  tannic  acid  cou- 
taiDcd  in  the  root,  and  a  prepamtion  of  ipecacuanha  from  which  the 
alkaloids  have  been  removed  (Ipeeacunnha  Ikem^tinhaia)  is  said  to  be 
as  valuable  in  these  cases  as  the  unaltered  drug.  Others  are  inclined 
to  ascribe  some  of  the  virtues  of  ipecacuanha  to  the  alkaloids,  and  deuy 
that  the  same  results  are  obtained  by  the  use  of  this  preparation.  Tlie 
purified  powder  has  the  advautage  of  not  causing  any  nausea  or  vorait- 
ing,  and  is  certainly  to  be  preferred  to  the  crude  root  if  the  claims  of 
Its  advocates  prove  to  be  well  founded*  Very  lai^  quantities  of  the 
powdered  root  are  generally  rt*qnired  in  dysentery.  Many  prescribe 
enough  to  cause  vomiting  at  first,  and  then  follow  this  up  with  smaller 
quantities  which  are  used  along  with  morphine  or  ice,  or  with  sina- 
pisms to  lessen  the  nausea  anil  vomiting.  Others  give  a  few  drops 
of  laudanum  at  once,  and  when  the  medullary  irritability  is  thus 
reduced,  and  there  is  less  danger  of  vomiting,  prescribe  30—60  grs, 
(2-4  G,)  of  the  powdered  root,  and  continue  the  treatment  with 
amuller  doses. 

Ipecacuanha  has  been  recommended  in  very  small  quantities  as 
a  eloouichicy  even  in  cases  of  vomiting,  and  its  action  on  the  mu- 
cous membrane  might  be  ex{>ected  to  be  of  value  in  some  cases  ]  but 
it  very  often  fails  to  have  any  effect,  and  is  not  widely  used  for  this 
purpose. 
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XX.     COLCHICINE, 


!  and  oolckiceine  are  two  nearly  related  bodies  found  in  the 
and  oorm  of  Cblchicum  autuninale,  which  owes  its  activity  to 
pre§enoe.  They  are  generally  included  among  the  alkaIoids»  but 
differ  from  the  other  members  of  this  class  in  possessing  an  acid  reac- 
tion. Their  chemical  structure  is  still  imjK*rfeetly  known,  l»ut  they 
do  not  seem  to  contain  a  pyridine  ring  ;  colchicine  [C,^Hy(OC'HJj- 
(NHCOC^H  )COOCH J  is  the  methyl  ether  of  oolchiceine  [C^^Hr 
{OCHj)j(XllCOCH,)CXX)ri]  .  These  two  prineiplcfi  are  apparently 
identical  in  their  effects,  which  are  observetl  cliietly  in  the  alimentary 
oaiial. 

Symptoms.  — No  symptoms  whatever  follow  the  use  of  colchicum  in 
ordinary  therapeutic  quantities.  After  the  administration  of  a  poison- 
ous doae  to  man  or  animals  several  hours  elapse  before  any  sympt€»ras 
are  elicited,  and  the  amount  injected  has  but  little  influence  on  the 
dnration  of  this  preliminary  stage.  Whether  given  by  mouth  or  hy|>o- 
dermioaUyi  colchicine  pnHluees  symptoms  of  d^'^;')0)f<^»'^  ''^  *^"  »tftP2^^*^ 
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and  intestine.  Pain  in  the  gastric  region  is  followed  by  salivation, 
nausea,  vomiting,  and  diarrhcea.  At  tirst  the  evacuations  are  the 
ordinary  conlents  of  the  stomach  and  intestine,  but  afterwards  a  quan- 
tity of  sticky  mucous  Huid  may  be  ejected,  often  streaked  with  bhrxl* 
Later,  a  condition  of  depressioa,  apathy  and  collapse  follows,  and  the 
movements  become  slow  and  difficult,  more  especially  in  the  posterior 
extremitiej?,  which  eventually  become  completely  motionless ;  the 
paralysis  then  progresses  upwards  until  the  raoveuients  of  the  fore 
limbs  and  respiratory  muscles  are  involved,  wlien  death  occurs  from 
asphyxia.  In  man,  the  intelligeoce  remains  until  death,  though  there 
is  generally  s<}me  giddiness  and  precordial  anxiety,  and  occasionally 
some  confusion  or  even  delirium  preceding  the  collapse. 

In  mammals  poisoned  with  colchicine,  the  alimentary  canal  exhibits 
all  the  appearances  of  acute  gaatro-cnteritis,  with  numerous  ecchymoses 
especially  in  the  upper  part  of  the  bowel.  In  less  acute  eases  these 
inflammatory  symptoms  are  less  marked,  and  in  man  there  is  seldom 
more  than  catarrh  of  the  duodennm. 

The  Circalation  is  hot  little  affected  apparently.  In  animalg  the 
blood-pressure  and  hcart^iythm  remain  normal,  and  though  a  small, 
rapid  pulse  may  be  one  of  the  features  of  the  jwisoning  in  man,  this 
is  due  to  the  collapse  rather  than  to  any  dii-ect  action  on  the  circula- 
tory orphans. 

The  Keapiration  is  .sloWi  but  is  deep  and  fuU  at  first.  L^tfiJLiLbe- 
comes  shalltny,  and  theTailure  of  the  centre  i^  the  cause  oideath,  the 
hearTcontinuiug  to  beat  for  some  time  afterwards. 

The  Movements  of  the  Bowel  are  much  hastened  when  the  symptoms 
set  in,  and  Jacobj  believes  that  this  is  due  to  an  increase  in  tlxe  irrita- 
bility of  the  nervous  mechanism^  which  accordingly  reacts  more  strongly 
than  usual  to  the  natuml  stimuli ;  but  this  is  entirely  inadequate  to 
explain  the  acute  inflammatory  appearances,  which  are  evidently  due 
to  an  irritant  action  on  the  mucous  membrane. 

AVhen  Locally  Applied  to  sensitive  mucous  membranes,  or  when  in- 
jected hypodermically,  colchicine  is  intensely  irritating,  producing 
redness  an<l  prickling  in  the  skin,  and  a  burning  sensation  in  the 
mouth  and  tliroat. 

The  Nervoaa  Symptoms  are  supposed  by  some  to  be  due  to  a  direct 
action  on  the  central  nervous  system,  but  may  probably  be  ascnBSl 
mther  lo  "a^ndition  oFcfjltapBe  produced  indirectly  through  the  action 
on  the  abdominal  organs.  It  is  true  that  in  many  cases,  es|x^cially  in 
man,  the  post-mortem  appearances  do  not  indicate  any  marked  alter- 
ation of  the  stomach  and  intestine,  but  the  symptoms  throughout  in- 
dicate that  the  nervous  effects  are  indirect  in  their  origin,  and  not  due 
to  any  direct  depression  of  tlie  brain  cells.  When  the  collapse  symp- 
toms appear,  a  certain  degree  of  insensibility  to  external  impulses  rany 
{kj  made  out  in  tlie  integuraeutj  but  this  seems  due  rather  to  the  gen- 
eral depression  than  to  any  real  ansesthesia  of  the  skin. 

Tlie  influence  of  colchicine  on  the  Kidneys  varies,  for  in  some  cases 
complete  anuria  is  produced  for  many  hours,  while  in  others  the  urine 
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ris  slightly  increased.  The  cjonstitiients  of  the  urine  are  not  materially 
alteretl  by  ordinary  therapeutic  dij^s  of  eolchieum^  and,  in  particidar, 
the  uric  acid  shows  no  constant  change  in  amount.  In  animals  bhjody 
urine  is  sometimes  passed  after  colchicine. 

All  of  those  symptoms  are  exactly  those  caused  by  a  large  number 
of  poisocLSj  incUiding  some  of  the  bacterial  toxines  and  the  heavy 
metals.  Many  local  irritants  when  injected  into  the  blood  or  when 
absorbed  from  the  subcutaneous  ti«8ue  or  the  alimentary  c-anal^  exercise 
an  immediate,  local  action,  which  betrays  ib^elf  in  pain,  or  ecchymo,sis 
and  swelling  at  the  point  of  injection,  but  these  symptoms  pass  off  in 
a  short  time  and  the  animal  lyecoraes  apparently  normal  for  many 
hourg  or  even  days.  At  the  end  of  this  time,  however,  symptoms  be- 
gin to  develop  at  two  points— *  in  the  alimentary  canal  and  in  the 
kidneys.  The  reason  probably  is  that  the  poisons  are  excreted  at 
these  points  and  are  either  freed  from  some  harmless  combination  in 
which  they  have  circulate*!  in  the  tissue?,  or  perhaps  collect  in  larger 
quantities  in  the  excretory  organs.  At  any  rate,  irritation  and  later 
acute  inflammatioQ  are  set  up  at  these  points.  At  first  the  irritation 
excites  only  diarrhcea  and  diuresis,  but  as  it  gties  on  gastro-enteritb 
and  anuria  or  htematoria  may  be  produced.  The  syrapt^^ms  from  the 
intestine  and  kidney  may  not  l>e  etpuilly  well  marked  ;  at  one  lime 
the  one  becomes  inflamed  while  the  uther  is  only  subjected  to  mild 
stimtilation,  while  at  other  times  l>oth  are  the  seat  of  acute  inflamma- 
tion.  The  inflammation  of  the  bowel  prmluees  a  condition  of  collapse, 
is  seen  also  in  various  intestinal  diseases,  such  as  cholera. 
aetimea  the  poisons  (and  also  cholera)  produce  no  very  marked 
symptoms  of  gastro-intestinal  disorder,  bnt  rather  those  of  collapse, 
t^lMlt  tliere  is  no  reason  to  believe  that  the  collapse  is  due  to  any  direct 
in  on  the  central  nervous  system. 

In  the  frog,  colchicine  has  little  or  no  effect »  but  if  the  solution  be  exposed 
Ibr  »orae  time  to  the  air»  it  eau^^es  a  prolongation  of  the  muscular  contraction 
aimtlftT  to  that  seen  after  vemtiine,  and  eveutually  a  t-etanus  resemhiinp  that 
duc^  lo  strychnine.  Jacob]  therefore  beUeves  thut  in  mammals  the  efTects 
arf>  not  produced  by  colcbicinp  itself,  bat  by  a  Hubstauce  formed  by  its  oxida- 
tioii  in  Ulc  tissues,  oxydipolehicine.  The  frog's  tissues  are  unable  to  oxidize 
eolehiciiie,  but  if  oxydifolchieine  hQ  formed  by  the  exposure  of  colchicine 
%€%  the  mir,  it  producer  tiiese  symptoms.  03cydico!chicine  causee  the  same 
symptoms  in  mammals  as  cok-hicine. 


Preparations* 

Colehici  E&dix  (IT.  8.  P.),  Colchici  Cormus  (B.  P.),  the  corm  or  bulb  of 
tCMoblciim  autumnale,  0.1-0.3  Q.  (2-5  grs.). 

JW^irm  Crklchici  Radicis  (U.  8.  R),  O.Oa-0.1  O.  (i-2  grs.). 
f  <  CWfAfW  (B.  P.),  l-l  f^' 

J  Colchki  RadieU  Ffuidum  (U.  8.  P.),  0  1-0.2  c.c.  (2-3  mine.). 

Vim  M  (JoLCHici  R.ajucis  (U.  S,  p.),  0.5-1  c*c.  (8-15  mins,). 
VixrM  CV>LCHici  (B.  ]\)  (10-30  minH.). 

Ookllid  Semon  (U.  H.  P.),  OolcMci  Semlna  (B.  P,),  the  seed  of  Colchi- 
cum  autumujilc. 

Kriradum  Oolchici  SeminU  Muidum  (U.  S.  P.),  0.1-0.3  c.c.  (2-5  mins,). 
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Tinctum  Colchtci  Seminis  (U.  S.  P.),  0.3-1  c.c.  (5-15  mms.). 
Tinctura  Colehiei  Seminum  (B.  P.),  0.3-1  c.c,  (5-15  mms,), 
Vinum  Colchivi  *Se}nims  (U.  S,  P.),  2-5  c.c. 
The  Yimim  Colehiei  Radicis  is  the  preparatioa  usually  prescribed. 

Therapeutic  Uses,  — Cole  hi  cura  has  long  been  used  in  gout  on  purely 

empirical  grounds.  In  fact,  the  pathology  of  gout  is  so  obscure  that 
no  ration al  tfi^tnient  fw  it  can  be  looked  for  at  the  prej^ent  day,  and 
the  effic;icy  of  eoldiicum  in  this  disease  can,  therefore,  be  argued  soJely 
from  clinical  experience,  which  here  gives  only  uncertain  iudicatious. 
Up  lo  a  few  years  ago  tlic  routine  treatment  was  wine  of  colchicum, 
but  of  late  many  physicians  have  denied  that  any  benefit  whatso- 
ever was  obtained  from  its  use.  Others  maintain  that  colchicum  is 
at  any  rate  the  most  efficacious  drug  available  in  many  cases,  and  here 
the  matter  stands j  but  the  use  of  colchicum  in  gout  is  not  universal 
now,  aa  it  was  formerly.  Some  attempt  has  been  made  to  place  the 
practice  on  a  rational  basis  by  showing  that  it  increased  the  excretion 
of  uric  acid.  But  a  number  of  other  intestinal  irritants  have  the  same 
eflfect,  and  it  now  seems  to  be  proved  that  gout  is  not  due  to  a  deficient 
excretion  of  uric  acid,  so  that  its  increased  elimination  would  not  ex- 
plain the  alleged  beneficial  effects  of  colchicum.  Resides  this  increase 
in  the  uric  acid  excretion  is  by  no  means  a  constant  result  of  colchicum 
medication,  for  it  not  infrequently  has  the  opposite  effect.  And  in 
gout  the  uric  acid  excretion  does  not  seem  to  be  modified  at  all  by  col- 
chicum* 

Colchicum  has  also  l)een  used  iu  chronic  rheumatism  but  here  it  is 
of  little  or  no  benefit. 

Bibliography, 

Jaeobj,     Arch,  f*  exp.  Path,  n,  Pharm,,  xxvii,,  p.  119. 

y.  Faton,  Brit.  Med.  Joura-.  18SG,  i.,  p»  377,  and  Jouni.  of  Anat  u-  Phya.,  n., 
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XXI.  SAPONIN,  SAFOTOXIN  ANB  SOLANINE. 

Under  this  group  are  arranged  a  number  of  glucosides  which  have 
many  features  iu  common  both  in  tiieir  chemical  properties  and  iu  their 
pharmacological  action*  Many  of  them  have  not  yet  been  completely 
isolated^  and  it  seems  not  unlikely  that  several  which  are  now  believed 
to  be  di^^tiuctJ  will  prove  to  be  identical.  Robert  has  found  that  many 
of  them  mav  be  arranged  in  a  chemical  series  C  H^  ^O,,,.    Some  have 

-  1.  t  *t  ^     u       in  —  if'      iv 

an  acid  reaction  and  form  salts  with  the  alkalies,  while  all  possess  the 
characteri.stic  glncosidal  reaction,  being  decomposed  by  acids  and  fer- 
ments  into  sugars  and  unknown  inactive  substances.  The  most  jjoi- 
sonous  among  them  arc  designated  by  the  general  term  of  Sapotoxim^ 
while  Saponin  may  be  used  to  include  the  less  active  ones  and  certain 
innocuous  isomers  of  the  sapotoxins  which  are  formed  from  them  by 
boiling  with  alkalies.  These  terms  as  well  as  tlic  popular  names  of 
several  of  the  plants  from  which   the  active  principles  are  derived, 
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*  to  the  property  they  possess  of  forming  frothy,  soap-like  solutions 

ater  and  of  holding  insoluble  bodies  in  suspension  in   it.     Very 

often  seveml  of  these  bodies  are  found  in  a  siiigk*  plant,  either  several 

powerfully  poisonous  ones  (sapotoxLins),  a  mixture  of  sapotoxins  and 

sftpoDinSy  or  saponins  only. 

Saponins  or  sapotoxius  are  foond  in  about  150  species  of  plants. 
The  chief  of  these  are : 

QniUaja  saponaria,  or  soapbark  (containing  quiUdjasapotoxin  and 
quiUajae  acid), 

Saponaria  officinalis,  or  soap  wort  (iiaporubrin  and  mponiny 
Cyclamen  Ihuropetmip  or  suwbrcad  (ei/chimin), 
Polygala  senega  (sejief/in  and  iKfh/f/ftlic  dcki). 
Agrosteznioa  githago,  or  corncockle  (txgrostemma^sapdoxin). 
OypBophila  strutliiuiii  and  other  species  (gt/pmphifasapoloxiny 
Cliamaelmiiiii  Intemzi,  or  blazing  star  (chamaJinHm-sapoiosf^in), 
Smilax,  various  species,  incliultng  tliose  known  as  sarsaparilla  {sarsa^ 
^poniiiy  Har^aparilla'Aa poniri  and  panUin  or  miUacin), 

In  addition  to  these  plaut.s,  which  owe  tlieir  action  to  the  presence 

if  these  bodies,  a  number  of  drugs  contain  saponins  along  with  other 

Bore  important  principles.     Thus,  an  almost  inactive  aajwuin  {digi- 

t>mi4)  is  met  with  in  digitalis,  and  similar  sapomus  probably  occur  in 

tnd  others  of  the  digitalis  series  although  they  have  not  yet  been 

led. 

The  most  poisonous  of  these  are  the  sapotoxins  of  quillaja,  agros* 

^lemma  and  gypsopbila,  quillajae  acid,  and  cyclamin.     Senegiu  is  only 

>ut  one  tentli  as  poisonous  as  qinOaja-sapotoxiu^  and   the  saponins 

prepared  from  the  sapotoxius  are  still  less  dau^rous. 

Another  body  closely  resembling  the  sajionin  in  action  m  SoUminfj 
a  glueo^idal  alkaloid  found  in  many  s^iecies  of  Solaaam,  such  as  S. 
Dlgmm  (black  nightshade),  S.  dulcamani  (bittersweet),  S,  tuberosum 
(potato),  and  probably  in  some  species  of  Sc^npolia.  In  Solanum  nigrum 
and  S.  dulcamara  it  is  accompanied  by  small  quantities  of  one  or  more 
bases  res^embliog  atropine,  while  in  dulcamara  a  glucosidal  body,  Did- 
asmarin^  has  been  found  also  belonging  to  the  sapotoxin  series. 
8Biamn€  is  said  to  be  generally  aecom panics!  by  Sof<nieifu\  a  nearly 
friated  alkaloid.  Solanine  breaks  up  on  being  heated  with  acids  into 
sugar  and  a  base,  Solanidbief  which  retains  the  poisonous  action.  In 
ftome  plants  both  solanine  and  solanidine  seem  to  be  present. 

Its  chief  importance  arises  from  its  occurrence  in  the  jiotato,  which 
has  given  rise  to  widespread  poisoning  in  several  instances.  The 
^^  amount  of  solanine  in  the  potato  is  in  general  too  small  to  provoke 
^Bpoisooous  symptoms,  even  when  enormous  quantities  are  eaten,  but 
^■when  the  potatoes  begin  to  sprout  in  damp  cellars,  the  percentage  of 
^1  e4»Lauine  rapidly  increaeefl,  especially  in  the  green  buds  and  the  small 
young  tubers.  In  old,  rotting  potatoes  it  may  al^^o  bt^eomo  dangerously 
^_hlgb,  but  cases  of  ix)isoning  are  more  likely  to  arise  from  the  use  of 
^■the  green,  unripe  potatoes  than  frc»m  those  which  are  obviously  unfit 
"  Ibr  use.     Weil  states  that  the  increase  in  solanine  seen  in  potatoes  that 
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}mw^  been  kefit  too  loc^  is  doe  to  the  preseDce  of  bacteria  which 
this  ttllEdoid  from  the  potato. 

In  aajr  ease  ike  potato  skins  oontain  nearly  half  of  the  soL 
and  if  dicse  be  lemo^^d  before  boiliiig^  a  considerable  part  o{] 
eoatained  in  the  edible  part  is  extracted  by  the  water. 
. — Tbe  sapotoxins  possess  a  very  irritant,  local  action,  i 
iaflamaaatioo  of  tbe  alimentary  canal  and  extrava 
_  wben  they  are  carried  to  tbem  by  the  bio 
TWer  ako  destroy  tbe  red  Mood  oelk  when  brought  into  contact  witi 


TlKy  ba¥<a  a  liajsby  acrid,  unpleasant  taMe^  and  when  swallowed 
Y^ttm  aaosea  and  often  vomiting,  with  pain  and  coUc,  and  less  frequi 
I  diaiiJwaa>  Tbey  aiv  not  absorbed  by  the  normal  epithelium  of 
■liiMWiiiry  canal,  and  tbadbre  fail  to  produce  general  symptomsi 
ksa  SQDie  kskia^  soefa  a?  gastric  uloer,  is  present.  Thus  pigs 
wi&  avidity  on  CVclamen  and  are  unharmed  by  it  unless  some  1 
.  of  tbo  intestitie  b  ptesent.  Tbe  unbroken  skin  is  not  affected  by  t 
angle  applicatioii  as  a  genetal  rule,  and  absorption  is  extremely  slow 
from  tbe  aibcqtmacom  tisBOCB^  in  which  they  act  as  irritants^  however, 
and  prodma  iiillamiMiatinn  and  ^uppoimtion.  The  sapotoxin  derived 
fiom  Agrostemma  ififlfers  fmm  the  others  in  being  absorbed  £uri/ 
r^dly  fit>m  tbe  alimentary  canal  and  from  the  subcutaneous  tissue^ 
ao  Ibal  Biore  dai^eroos  ajmptoaaa  niay  arise  from  it  than  fix)m  die 
otber  mcBBher^  of  tbe  aeries. 

In  an  epidemic  of  sotanine  poisoning  from  potatoes  described  bjr 
Scbokkedebergy  tbe  sywftemm  ooofiisted  of  headache,  colic,  vomiting 
*nd  diaffboa^  genenil  deprewioii  and  weakness,  and  some  mental  con- 
AnUMi,  In  seveie  eases  pallor  or  cyanosis,  dilated  pupils,  short  jMJiodfl 
of  imeoiiscioosncss  with  acceleration  and  then  slowing  of  the  pulse 
were  observed.  All  tbe  patients  recovered  in  the  course  of  ten  days. 
In  many  casm  some  lise  of  tempeiatore  was  noted.  In  experiments 
on  animals,  IVffas  fannd  almoet  llie  same  symptoms  and  the  same 
post^monem  appearaaoes  as  after  sapotoxin.  Diarrhoea  was  not  so 
easily  induced  bv  solamne  as  by  the  poisonous  potato,  perhaps  because 
tbe  pure  poison  was  absorbed  from  tbe  stomach,  while  it  was  carried 
into  tbe  bowel  when  mixed  with  the  other  constituents  of  the  potato. 
Sokniue,  on  the  otber  band,  seems  more  liable  to  cause  nephritis  than 
mt^t  sapotoxinSy  and  albamin  and  haemoglobin  are  generally  found  io 
the  urine.  When  solanine  is  administered  by  the  mouthy  most  of  it  is 
decomposed  in  the  tissues^  for  very  little  reappears  in  the  stools  and 
urine  as  solanine  and  solanidine, 

When  tliese  bodies  are  injected  directly  into  the  blood  vessels,  thef 

i»duce  much  more  characteristic  changes^  which  very  often  prove  fatal 

after  a  longer  or  shorter  interval.     Very  large  quantities  thus  injected 

^^y  kill  animals  within  a  few  minutes  from  respiratory  paralysis,  and 

I       no  charaeterisiic  appearances  are  to  be  found  post  mortem.     Smaller 

^K^^ises  induce  depression,  loss  of  appetite,  sometimes  vomiting  and  dia^ 
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Ae  pul^.     Weak  convulsions  appear  just  before  the  failure  of  the 

miration,  while  the  heart  continues   to  contract  for  Bome  minutes 

er.      In  these  cases  ecehymoses  are  found  in  the  serous  membranes, 

tliiim,  pleura  and  peritoneum,  and  occasionally  in  the  kidneys, 

irditiB  has  been  observed  in  some  instances,  but  the  most  impor- 

alieniii(>nj§  occur  in  the  stomach  and  intestines,  the  mucous  mem- 

I  of  which  is  swollen  and  oougested  and  contains  numerous  blood 

iVnaatioQs.     The  lymphatic  glands  of  the  abdominal  cavity  are 

►  swollen  and  congested  and  often  filled  with  hiemorrhages.     Oc- 

doally  the  kidneys  are  found  to  contain  numerous  blood  casts  fill- 

tlic  Itimen  of  the  tubules,  and  in  these  cases  albujuiu  and   hremo- 

bin  appear  in   the   urine   before   death.     In    Cyclaraeu   pois<jning 

intravenous  injection)   hiemoglobiuuria   is  one  of  tlie  eiirliest 

saponin  bodies  are  general  pr^itoplasmie  poisons,  destroying  life 
%lietfver  they  come  in  contiict  with  living  tissues  in  sulficieut  concent ra- 
Their  irritant  action  on  the  mouth,  throat,  and  stomach  is  the 
of  the  nansea  and  vomiting  ol»served  when  they  are  administered 
In  this  wny,  and  they  cause  snee/.i ng  and  coughing  from  the  same  action 
^  the  nose  and  throat.  On  other  mucous  membranes,  such  as  tlie  con- 
junctiva, and  in  wouuds,  they  cause  similar  irritation  and  in  flam  ma- 
■^~  which  may  be  followed  by  suppuration.  A  form  of  local  antes- 
often  follows  this  irritatiou,  the  terminations  of  tlie  sensory 
mpparently  being  henumhetl,  but  the  preliminary  irritation  pre- 
tbeir  use  f  *r  this  |>urj>ose. 

a  the  nnbmken  skin  may  he  irritated  when  they  are  applied  re- 
ly or  nibbed  on  in  the  form  of  ointment.     This  irritation  is  be- 
by  redness,  heat,  itching,  and  eventually  by  the  formation  of 
Their  local  effects  when  injected  subeutaneously  also  iudi- 
their  irritant  propeities. 
When  the  individual  organs  are  exposed  to   the  action  of  saponin 
lies  by  the  direct  application  of  solutions  to  them,  a  similar  poison- 
aetioQ  is  elicited.      ^luscle  contracts  more  weakly  even  in  dilute 
is  eventually  entirely  imralyzecl,  and  is  altercil  in  structure, 
transverse  striae  of  voluntary  muscle  and  of  the  heart   bec^^jming 
indistinct.     Nerves  exjxjsed  to  solutions  are  also  |Kiralyzed  in  the 
way,  and  the  movements  of  cilia  cease  at  once  when  they  are  ex- 
to$ap«itoxin  bodies.     The  blood  undergoes  characteristic  clianges 
it  IS  acted  on  by  saponin  either  in  the  vessels  or  in  the  test-tube, 
coagulation  is  said  to  be  accelerated  by  small  c|uantities  of  cvcla- 
and  is  certainly  retiirded  by  larger,  but  the  most  striking  eifect  is 
deirtruction  of  the  red  corpuseles  and  the  liberation  of  the  h:em- 
;lobin,   which    forms  **  laky  '^   blorKl.      Even   one  part  of  cyclamin 
Idecl  to  100,000  parts  of  diluted   blood   completely  tlestroys  the  red 
N'*)*!  cells,  while  haemofjiobiu   appears   in   the  scrum   when  consider- 
1<S38  poison  18  added.     The  other  saponin  bodies  act  less  power- 
in  this  direction  than  cyclamin,  but  still  pniduce  distinct  solution 
Ae  substance  of  the  red  corpuscles.     When  a  saponin  is  injected 
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into  the  blood  of  a  living  animal  tliis  destruction  of  the  red 
cells  takes  place  to  some  extent,  aod  the  plasma  contains  hiemoglq 
while  the  bkwxl  eorposclea  are  considerably   diminished    in    nun 
This  hiKmolytie  action  of  the  bodies  of  the  group  occurs  after  the! 
puseles  have  been  hardened  and  kilhd  by  histological  fixatives  (8 
art)  and  is  therefore  not  dependeut  on  the  life  of  the  blood  cells;  i^ 
recently  been  shown  that  sajMjuiu   acts   mure    powerfully  on  thel 
bloml  corpusiJes  in  the  absence  of  serum  and  that  the  stromaUK 
corpuscles  are  the  parts  affei'ted   and   not  the   Im^moglolnn  ;  fiji 
appears  extremely  probable  that  the  haemolysis  is  due  to  the  i 
of  sai>onin  for  the  cbolesterin  and  other  lipoids  of  the  corpuscle^! 
changes  in  the  physical  ei>ndition  of  the  cholesterio   through  the  i 
meation  of  the  glycoside  resulting  in  the  rupture  of  the  cell  and 
liberation  of  the  hemoglobin.      The  serum  retards  the  action  off 
nin  on  the  corpuscles  by  fixing  some  of  it  in  combinatioo  with  its  li^ 
constituents  {Ransom,  Hedon). 

The  circulation   in   mammals  is  comparatively  little  affected 
just    before  death,   when   the    blood-pressure  falls   rapidly  and 
pulse    becomes   weak   and   slow.     The    heart  continues    to   beat] 
a  short  time  after  the  respiration  ceases,  but  is  very  w^eak,  and 
stops,  even  although  artificial  respiration  is  maintained.     The  isoh 
frog's  lieart  is  paralyzed  by  sapotoxins  in  the  same  way  as  the  isoll 
mnscle. 

Ill  many  experiments,  death  would  seem  to  be  caused  by  eollapeel 
lowing  the  changes  in  the  alimentary  canal.  In  others,  however,  1 
only  small  quantities  of  the  poison  have  been  injected,  no  such  cha 
are  observed,  but  the  animal  dies  after  a  few  days,  presenting  do< 
tinct  symptoms  except  general  weakness  and  depression.  On 
other  hand,  very  large  quantities  injected  into  a  vein  may  prove  m 
within  a  few  minotes,  and  here  again  no  symptoms  of  intestinal  action  | 
may  apjK^ar.  It  is  therefore  believed  that  in  addition  to  their  irritant 
effix'ts  tliese  bodies  have  a  sj)ecial  action  on  the  central  nervous  system, 
although  it  is  impossible  at  present  to  s^iecify  its  nature.  The  re^pii** 
tion  is  in  all  cases  the  first  vital  function  to  be  sus|>ended.  Sapoloxiii 
applied  directly  to  the  spinal  cord  in  the  frog  first  provokes  convulsive 
twitching  and  clonic  spasms  and  then  |>aralyzes  the  animal,  but  it  maf 
he  question! J  whether  it  would  have  the  same  eflect  when  carrie 
the  blood. 

The  saimtoxins  are  poisonous  to  invertebrates  apparently,  unless  I 
are  pn>tected  by  a  shell,  through  which  they  can  not  i>eDetrate. 
the  aniicba  and  otiier  simple  organisms  cease  their  movements,  whik 
intestinal  worms  are  first  excited  and  theu  paralyzed  in  the  pr 
of  some  of  the  group. 

It  has  been  suggested   that  the  action  of  the  sapotoxins  on 
pla^m  is  due  to  their  acting  on  the  proteids,  and  in  some  cases  i 
eipitatiou  of  albumin  occurs.     But  the  majority  of  these  bodies  do  not 
tqjpear  to  alToet  the  isolated  proteids,  but  only  the  living  substanc€,| 
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Pbeparations. 

■  (XT.  S.  p.),  QuillaiaB  Cortex  (B.  T.),  Panama  bark,  Soap  bark,  the 
^bark  of  Quilli^ja  sapotiaria, 

QuiUqjx(XJ,ii.  Pj,   Tinctura  (Milam  (B,   P,),  2-4  c.c.   (30--60 

K  (U*  8*  P»),  the  root  of  Smilax  offiumatis,  S,  medica,  S,  papy- 
[mud  of  other  species  of  *SmiLax» 

,  SaraapariiUe  Compjsitum  (U.  S.  P.)  eoutainSj  besides  aarsaparilla, 
»  gnaiac,  liquorice  an* I  mezereum.     100  e.c.  (3-4  fi.  t>z.). 
\  SarmparilUR  Fluidum  (U.  fc?.  P.)i  ^  t-<^'  (*  *!■  *^J*  )■ 
\  SarsapariUis  Fluidum  Compositum  contain  a  the  siauie  cooatituents 
^decoction,  except  guaiac.    4  c.c,  (1  fl,  dr.). 

upu9  Saraaparillw  Oompomtus  (U.  B.  P.)  contains  liquorice^  aenna  and 
'  I  QfsASSsJras^  anise  and  wiutergreen.     10-15  c.c.  (2-4  d.  drs.), 

I  Radix  (B.   P.),  sarsaparilla,   the  dried  root  of  Smilax  ornata^  im- 
l  from  Costa  Rica  and  known  aa  Jamaica  Siirsaparilla. 

'Sarsm  Oompo«itu«  Concentratim  (B,  P.)  in  ibrmed  from  s?nrsaparilla,  Bas- 
\TOOt,  goaiacum  wood,  liquorice  and  mezereum.     2-8  fl,  drs. 
^um  Sargse  Liquidum  (B.  P.),  2-4  fL  drs. 

|a  (U.  8.  P.),  SenegaB  Radix  (B.  P.),  the  root  of  Polygala  Senega. 
turn  Sen^gtt  Fluidum  (V,  S.  P.),  0.5-1  c.c.  (10^15  miua.), 
\  Senega  (U.  S,  P.),  4-8  c.c.  (1-2  tl.  drs.)- 
Senegm(B,  P.),  J-1  fl.  dr. 
■  Senegas  Cktncentratu^  (B.  P.),  J-l  fl.  dr. 
i  Senega  (B,  P.),  ^-1  fl.  oz.;  as  a  draught,  2  fl.  oz. 
ophyllum  (U.  8.  P.),  Blue  Cohosh,  the  rhizome  and  root-s  of  Csulo- 
Umii  UuUictroides.     It  contains  a  saponin  substance,  to  which  it  prob- 
[owes  any  virtues  which  it  may  possens. 

iesmi  Radix  (B.  P.),  the  ilried  root  of  Hemidesmoa  Iiidicus. 
I  Hemidemni  (B,  P.),  §-1  11,  dr. 

y  (U.  8.  P.),  bittersweet,  the  young  branches  of  Solanum  dul- 

tfrnduni  Duicamarae  Fluidum^  4  C-C,  (1  i,  dr.). 

apeutic  Uses. — The  drugs  of  this  group  are  all  quite  superfluous, 
'may  be  used  to  increase  the  bronchial  secretion  in  coogh  through 
caa^d  by  their  slight  irritant  action  in  the  stomach,  but  they 
no  advantages  over  such  drugs  as  ipecacoauha  or  apomorphine ; 
[syrup  of  senega  is  often  prescribed  in  expectorant  mixtures  ibr 
purpose.  Sarsaparilla  has  been  supposed  to  have  an  obscure 
Da  on  the  nutritioa,  and  has  some  reputatioa  in  the  treatment  of 
bills,  but  there  is  no  reason  to  believe  that  it  is  of  any  service  here 
«rin  any  other  condition,  although  it  may  be  used  as  a  vehicle  for  the 
»<lmini-!.iration  of  mercury  and  io^Jide  of  potiissium.  For  this  purpose 
tW  compound  syrup  II.  S*  P.  or  compotiud  liquor  B.  R  is  the  best 
preparation.  Quillaja  has  lieen  used  to  some  extent  as  an  expectorant, 
•aofe  largely  to  form  eraulsions  and  to  suspend  insoluble  powders.  Its 
poisonous  action  ought,  however,  to  preclude  its  U8e  for  this  pur|x>se. 
It  IS  frtquently  stated  that  nieral)ei*s  of  the  sapotoxin  .series  are  anti- 
wUa in  digitalis  jKUsouing  ;  but  this  is  founded  on  experiments  in  which 
wUi drugs  were  applied  directly  to  the  frog's  licart,  and  there  is  no  rea- 
^  t(»  suppose  that  they  would  oppose  each  other  in  man,  especially  if 
g>^^n  by  the  mouth,  as  sapotoxiu  is  ab-sorbed  only  with  greiit  difficidty. 
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Dulcamara  has  been  used  to  a  linitted  extent  as  a  sedative  and  I 
notic  and  al^  as  a  diuretic  and  diaphoretic  and  in  some  skin  dia 
It  does  not  seem  to  possess  ao  j  properties  wliich   would  render  ill 
value  in  medicinei  and  might  well  be  dispeused  with. 


Axtother  series  of  bodies  resembling  the  saponin  series  in  their  effects! 
known  as  Solvines,  Oleites,  Polysolve,  et<^,  and  are  derived  from  oleic  i 
other  similar  acids  by  the  action  of  sulphuric  acid.     The  best  knoiiD  iat 
f  Jbnned  from  ricinoleic  acid.     Acctirding  to  Kiwull^  solvines  have  the  i 
'  deatnictive  action  as  sapotoxin.     They  have  been  used  in  medicine  to  i 
eomlsions,  but  their  use  here  is  to  be  deprex^ted  on  the  same  grou 
that  of  quillaja, 
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XZn.    ASPmOSPERMA.  OB  QUEBRACHO. 

The  bark  of  Quebmcbo  bianco  (Aspidospenna  quebracho)  contains  a  nufflr 
ber  of  alkaloids  which  are  probably  very  similar  in  chemical  comjioftitionind 
which  seem  to  possess  almost  the  same  action.     They  are  ^w  % 

Aspido§pernuUiney  A9pido9aminej  fftfpoquebracAineft^irbrachm^  i» 

mine.  Another  species  of  Aspidosperma,  Payta,  contains  two  aikaluuli,  /% 
tin^  and  Fatftanin^,  of  which  Payline  resembles  closely  the  Quebracho  ittl- 
loids  in  its  phanrmco logical  action. 

Thei?^e  alkaloids  all  pruduce  nausea  but  even  after  large  dosc^  vomitiiif 
does  not  occur  except  after  Aspidosamine.  The  nausea  is  accompanied  bj 
the  usual  concomitant  symptoms — salivation,  increased  secretion  of  muco* 
in  the  resjiiratory  trtict,  depression  and  alternately  rapid  and  slow  pulse. 
I^arge  quantities  often  cause  symptoms  of  central  ner\'ous  stimulation^  toJUC 
contractions  and  convulsions.  The  respiration  is  quicker  and  deeper  ato 
small  quantities,  but  aflcr  lethal  doses  becomes  slow  and  weak,  and  finillf 
cea.'ics.  Periodic  rosplnition  often  occurs  l>efore  the  final  stand^vtill,  a  eenv 
of  deep  dyspnceic  movements  alternating  with  several  shallow^  iosalBcieii 
ones.  The  failure  of  the  respiration  is  the  cause  of  death  in  mammaK  the 
heart  continuing  to  contract  for  some  time  longer.  After  Aj^pidos^iaiine, 
there  i^  no  stage  of  quick  and  deep  respirations,  but  the  breathing  is  rendeitd 
slow  at  once  and  soon  becomes  periodic. 

The-*e  s^ymptonis  are  generally  ascritied  to  a  direct  action  on  the  centnl 
nervous  system,  which  is  first  stimulated  and  then  depressed.  The  oliief 
scat  of  action  seems  to  be  the  nK^ulIank'  centres  and  the  spinal  cord,  allhcMJgfc 
the  basal  ganglia  may  also  be  more  or  less  involved.  The  stimulation  of  the 
medul1ar>^  centres  explains  the  nausea  and  vomiting  and  also  the  cbangi^tB 
the  respiration,  while  the  convulsions  and  increased  reflex  excitabihty  iKimt 
to  the  spinal  cord. 

The  termi nations  of  the  motor  nerves  in  voluntary  muscles  are  pamJyiid 
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by  atfpidosamtne  and  quebmchine  in  the  froj^.  not  by  the  other  alkaloids ;  but 
mil  i>f  them  lessen  the  strengih  of  murfciilur  tissue  and  eventually  paralyze  it 
in  theee  AaimaK  Neither  of  the^e  regulta  has  been  observed  to  follow  the 
Injeetiou  of  the  alkaloids  in  mumiaalB. 

The  circulation  in  mammals  is  affected  indirectly  through  the  nausea,  and 
Uie  heart  may  be  slowed  by  very  large  doses  ;  in  the  frog  the  heurt  is  weak- 
coed  and  eventually  paralyzed  in  ihe  same  way  as  the  other  ni Ufleu I ar  organs. 

Eloy  and  Huchard  ob.^ervcd  diurrhcea  and  an  inertnii^ed  secretion  of  urine 
OOoatfiotially  follow  theadmitiLstration  of  the  alkaloids^  and  they  ako  de^ribe 
A  omiaus  coloration  of  the  blood  which  they  ascribe  to  a  diminution  of  the 
luenioglobin.  Penzoldt  attributed  the  asphyxia  t^j  changes  in  the  red  eells^ 
but  the  subject  of  the  action  of  these  alkaloids  on  the  blood  requires  further 
investigation. 

None  of  the  quebracho  alkaloids  is  very  poisonouaj  but  of  the  series  que* 
brachine  is  the  most  toxic,  and  aspidosamine  and  aspidospermatine  follow  it 
eluEiely.  Aspidospermine,  quebmchamine  and  hypoquebrachamiue  are  com- 
paratively weak, 

Prepakations. 

IT,  8.  P. — Aspidosperma,  Quebracho,  the  bark  of  Aspidosperma  Que- 
biraeboblanoo. 

EaOraeium  Aapidotpermatis  FiuiduMy  1-4  c.c.  (15-60  mins.). 

Commercial  "^aspidospermine''  is  a  mixture  of  all  the  alkaloids  along 
with  other  bodies.    It  is  sometimes  prescribed  in  doses  of  1-2  mgs»  (/jr-ia  gr.). 

AiBpidospemm  was  advised  by  Pen/oldt  in  the  treatment  of  dyspncea  from 
m  variety  of  causes,  and  his  statements  have  received  a  certain  amount  of 
support  fnjm  clinicians.  The  special  conditions  in  which  it  has  been  advised 
are  dyspnoBa  from  pulmonary  disease,  especially  emphysema,  and  from  car- 
diac weakness  and  asthma.  Its  action  on  the  respiratory  centre  may  ex- 
plain to  some  extent  the  bene6(«  derived  from  it,  but  the  increased  secretion 
of  the  bronchi  produced  by  the  nausea  may  also  be  of  some  importance. 

It  has  also  been  employed  as  an  antipyretic^  and  has  been  ahowu  by  Eloy 
and  Huchard  to  lower  the  temperature  in  animals. 
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The  Imka  of  various  six^cifs  of  Ciuchona  and  Remijia  (Cuprca)  con- 
taitt  numerous  alkaloids  which  seem  to  resemble  eiich  other  closely  in 
their  chemical  anJ  pharmacologicid  projK^rtia^.  The  best  known  of 
these  lire  Quimng^  QuinUUm:^  or  Ofrnjuinine,  (^JicliQ^llW^  a» J  C^iicioni- 
dine  :  the  others,  amountiDg  to  some  twenty  in  number,  are  believed 
til  rft^mble  these  in  their  effects  on  the  organism,  hut  very  little  ha.^ 
been  done  to  determine  this,  and  nothing  is  known  regarding  their 
rebitive  activity. 

Tbc  cinchfina  alkaloids  are  derivatives  of  quiiioliiie.  CinchQmne 
and  cinchojiidine  are  i*K>merjc  (Cj^H^jN^O)  and  perhtt{i9  contziin  two 
<imiK>Uoe  molecules,  wlule  quinine  and  ((uiiit-Iiufj  (C,,H^N,Oj)  are 
metfioj^Yl  oompotinds  of  cinehonine. ^ 

*Thcothfr  ftlkjiltiitlii  nf  thb  seiies  which  have  lieen  identilied  are  homocinehonidlne^ 
oQO(|itimunine«  auinamtnc,  cuiicomnet  eoticu^onine,  artdne^  cuj»conidirK%  cuflcamiaei 
*  "&««  hyaroc|uininc,  hjdroquiotdine,  hydrodnchunine,  dochonamine,  (juairip 
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Ciocbona  bark  contains  besides  these  alkaloids  several 

ig  taDDios,  and  some  neutral  subt^tances. 

The  cinehonan  are  natives  of  Western  South  America, 
Cultivated  in  India  and  Java.     It  seems  questionable  whe 
lUes  of  the  bark  were  known  by  the  native  Indians  before 
}f  the  Spanish,  and  it^i  introdnetion  into  medicine  dates 
^630-1640  ;  its  name  bears  testimony  to  its  efficacy  in 
Dountess  of  Chinehon  in  163S. 

Action. — Quinine  differs  from  most  of  the  other  import^-__ 
in  acting  not  on  ftt:»rae  specialized  form  of  living*  matter,  bu 
p'al  niitritiQnjjf  Jiloiostjill  form.s  of  prf^itj3|il;mpfv     Otlier  aL_ 
IB  fitrychiiinej  are  also  possessed  of  similar  effects  as  regai 
Sut  their  strong  affinity  for,  and  intense  action  on  some 

S ►re vent   their  effects  on   the   fundamental   properties  of  L 
rom  being  etieited  in  the  higher  animals.     Quinine  is  t 
termed  a  protoplasm  poison  because  its  action  ext-ends  w 
variation  throughout  most  forms  of  living   matter;  on  t 
the  marked  effect  of  stryeltnine  on  the  nerve  cell  causes  it: 
Iraong  nerve  poisoDS,  although  in  organ i.sm«  devoid  of  a. 
tem  it  resemljles  quinine  in  its  effects.     The  effects  of  qta 
toplasm  generally  con.sist  in   transitory  augmentation  of" 
followed  by  dej tress irm  and  deatli. 

The   acdpn   of  cminLnejin   TTndiffey^ptiAted  PfQi 
Ebund  in  tltc  unicellular  orgauisins  and  in  the  ovum,  i.^ 
that  of  most  alkaloids.     Binz  foniri- 


in  the  uniceTl 
greater  interest  than 

|[erymiaule  quantities  auiaetimeiuiicrensp  the  mftv«m<iat^  o 
ind  infusoria  at   fii'st,  lajge   atncmnts  pajalyaeLthem  imm^ 
the  protoplasm  assumes  ^darker  gnmiilar  appearaiice.     TK 
EDO  veme  u  ts  o  f  ci  1  i  a  te  d  oi^an  i  s  ms  a  re  re  n  d  e  red  si  o  w  an  d  fi  n  ^ 
by  very  dilute  solutions.     The  microbes  of  putrefaction  ar 
Bpon  by  quinine,  although  they  seem  more  resistant  than  th^ 
Itill,  quinine  soTutions   have  considerable  antiseptic  powcr*^ 
Uiat  of  carbolic  acid,  aeco riling  to  some  observers.      Th^ 
lactic  and  butyric  fermentations  are  retarded,  or  entirely 
by  quinine  through  its  effects  on  the  organisms,  but  it  is    ^ 
Sevoid  of  action  on  some  of  the  lower  fijrms,  for  moulds  (Pe*^^ 
grow  freely  in  solutions  of  the  salts  ;  so  that  the  alkaloid  seea:»-^^^ 
I  selective  action  here,  such   as  is  observed  also  in  its  eSect^ 
ferments  of  the  higher  animals*     Another  example  of  its  actio i*^^ 
Vegetable  cell  is  that   discovered    by  Darwin  in  some  insectM 
plants  (Drosera),  in  which  the  movements  seem  to  be  first  excit 
later  paralyzed  by  the  quinine  salts. 

The  influentje.of  .quioijie  on  the  r^prriflnnH'v**  ^4>]k  a?  anima 
been  carefully  studied  by  O.  and  R.  Ilertwig,  who  found  that  hotr^^ 

tmnei  conquairaraine,  (|tiairaniidine  and  conqmiiraoiidine,  wliile  several  others 
mid  to  have  been  separated  by  scjnie  authorities,  but  are  rejected  bv  otlieni-    The  m^ 
|cnerally  acknowled^d  to  m;  pre«efit  in  cinchona  are  qnmic,  qumovic,  quinolan  jJ-^^^^ 
luinovatiinnic,  eaffeotannic  and  oxalic,  white  the  neutral  bitter  substances  iiave  b^e^^ 


pamed  quinovin,  quinova-red  and  cinchona-red. 
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itosoon  and  the  ovum  of  the  seii-urehin  are  injured  hy  the  adcli- 

of  quioiae  to  the  sea-water,  the  inovemeuts  of  the  former  being 

,  and  the  stages  preceding  impregnation  iu  tfie  latter  progress- 

»re  slowly,  or  actually  retroceding.     When  quinine  is  applied 

the  male  nucleus  has  entered  the  ovum,  the  complete  conjugation 

lyed  and  the  whole  process  h  rendered  abnormal  by  the  adrais- 

of  several  spermatozoa.     Quinine  applied  still  later  prevents  or 

the  division  of  the  ovum  through  its  effects  both  on  the  nucleus 

on  the  general  protoplasm  of  the  cell. 

inrlivicliinl  ^^1]^  of  mare  f!or]\pjf'Y  nrjyf\niR|n<^  jirp  nffpctcd  ill  ihp 

waij  gR  tiiAftA  mt-tm  «imp|^  ftlT^     This  was  tiTi^t  demonstrated  in 
leucocytes  by  Blnz^  and  after  some  opposition  has  been   generally 
HDeepted,     When  a  drop  of  blood  is  examined  under  the  microscope^ 
Im?  white  cells  are  observed  undergoing  constant  changes  of  fijrra  and 
position  exactly  similar  to  those  of  the  amtcba,  but  minute  quantities 
linine  salt  are  sufficient  to  sti>p  all  movements  at  once,  and  the 
;  tes  assume  a  spheri<ral  form,  become  darker  in  color  and  grao- 
plar,  and  soon  break  up  into  d6bris.     In  the  blood  vessels  similar 
occur  when  quinine  is  applied  locally,  sla  to  the  frog's  mesen- 
the  leucocyte^  again  fecome  darkly^ranular,  and  CLiliiiig  their 
geeping  movement^,  are  earrietl  along  by  the  current  much  more  ra|>- 
than  usuaL     They  are  no  longer  observed  to  push  their  way  thi-ongh 
vessel  walls,  and  if  they  have  already  penetrated   into  the  tissues 
T  movements  are  arrested.     If  irritation  be  applied  to  the  part,  no 
accumulation  of  leuct>cytes  occurs  in  the  tissues  as  in  the  unpoi- 
animal,  and   if  an   irritant  has  been  applietl  first  and  the  leuco- 
have  poured  out  of  the  vessels  before  the  quinine  is  applied^  the 
Li  arrested  at  once  on  its  application.     This  effect  was  explained 
Binz  as  due  to  the  poison  acting  on  the  leucocytes,  and  although 
pts  have  been  made  to  explain  it  hy  some  cfiange  produced  on 
yeasel  wall  by  the  drug,  there  now  seems  no  reason  to  question  the 
less  of  his  view.     Similar  results  are  observed  when  the  drug 
>t  applied  locally,  but  carrieil  to  the  part  by  the  vessels  ;  the  move- 
of  the  leucocytes  in  the  vessels  are  less  distinct ;  they  are  carried 
paasively  in  the  general   current,  assume  a  spherical  form,  and 
much  less  tendency  to  escape  into  the  general  tissues,  and  at  the 
tirae  the  number  of  the  leucocytes  in  the  blood  undergoes  a  con- 
mble  diminution.     It  would  be  unjustifiable  to  infer  from  these 
riments   that  the  therapentic  dose  of  quinine  inhibits  the  mo  ve- 
ts of  the  white  bltxid  cells  in  the  human  body,  and  it  is  no  part  of 
Knz'fi  theory  that  this  occurs*     The  effect  of  quinine  on  the  leucocytes 
is  merely  an  example  of  its  effects  on  the  tissues  generally.     At  the 
ttme  time,  the  number  of  leucocytes  in  tlie  human  blood  is  diminished 
f  rpiantities  of  quinine,  showing  that  the  action  on  the  frog's 
extends  also  to  those  of  man,  e%^en  when  the  quinine  is  ab- 
bed  from  the  stomach  and  intestine. 

Other  evidence  of  the  action  of  quinine  is  gained   from  processes 
lieh  may  be  regarded  as  due  to  Unorganized  Ferments, 
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dinary  therapeutic  doses  often  produce  no  veiy  ob\4ous  symptoms^ 
most  frequently  ob&erved  effect  consisting  in  r^f^i-flnp^niAnf  fift^if^j 

of  jTPAripg^  1^  fry|nently  of  that  of  Siglit,      Ringing  or  roaring  sui 

in  the  ears,  acsoompanled  by  slight  deafness,  are  produced  by  mt»den«i 

quantities  and  large  doses  are  not  iBfrequently  followed  by  or»m}ilet» 

loss  of  hearing  for  a  time.     Contraction  of  the  field  of  visioD        ' 

served  less  often,  but  in  some  cases  tote|  Kltndrii^^  has  been  pi 

and  has  lasted  for  several  days  or  even  weeks.     O^l^r-v^'^''^  u*  ««• 

pecially  liable  to  be  rendered  imperfect  or  temporarily  paralyzed  bj 

quinine.     There  is  every  reason  to  believe  tliat  the  defects  of  heari^ 

are  due  to  oongestaon  of  the  auditory  canal  and  not  to  any  brain  effco^ 

for  f^onp^estjon  of  the  mergbpTtint  fjjinpntii  has  been  observed  id  sevefll 

cases  in  man,  and  Kirchner  has  produced  congestion,  inflammation  %xA 

ecchymosis  in  the  tympanum  and  labyrinth  of  animals  by  the  adminii* 

tration  of  quinine.     This  inflammation  may  became  chronic  and  pro* 

duce  lusting  impairment  of  hearing.     On  the  other  hand,  the  di^rdcSj 

of  sight  arc  accompanied  by  a  very  marked  contraction  and  even  obfifr* 

eration  of  the  retinal  vessels,  which  may  be  follo'wed  by  degeiierati?* 

changes  io  the  retinal  nerve  cells  and  in  severe  cases  by  some  atropbf 

of  the  optic  nerve.     No  explanation  has  been  offered  for  these  oppodog 

vascular  effects  in  the  ear  and  eye.     Quinine  poss^^es  some  irritifit 

action  which  betrays  itself  in  discomfort  in  the  stomach  and  eructation 

after  large  and  re^peated  doses  by  the  mouth,  and  by  pain  and  tender* 

ness  when  it  is  injected  subcutaneously ;  hut  this  drawback  is  not  of 

so  much  importance  as  in  the  case  of  many  other  drugs. 

Ijarge  doses  of  quinine  produce  some  confusion  and  depression  with 
a  sense  of  fultiesjt  n^d  heaviness  in  the  head  from  th^ir  «<  tion  ni^  ^h^ 
Oerebnmi^and  this  is  finynAtim*Kt  «(^CTflipi^p^*^  ^r  ""^rtn^"  g^jl  MW^ 
alow  pul^.  A'ery  few  cases  of  fatal  poisoning  have  been  satisfactorily 
determined  to  W  due  to  quinine,  although  a  considerably  larger  num- 
ber have  been  attributed  tu  it.  In  these  cases  marked  weakness  of  ibe 
heart  and  collapse  accompanied  by  loss  of  sight  and  hearing,  muscular 
weakness,  apathy,  slow,  gasping  respiration  and  finally  unconscious- 
ness and  total  faiUire  of  the  respiration  were  observed.  In  some  cases 
delirium  and  convulsions  have  been  noted,  but  it  may  be  doubted 
whether  the  preparation  did  not  contain  other  meml>ers  of  the  cin- 
chona alkaloids.  Enormous  doses  of  quinine  sulphate  have  been 
swallowed  without  any  serious  results.  Thus  in  one  case  tbirtj' 
grammes  (one  ounce)  produced  only  some  confusion  and  noises  in  t!» 
cars,  Ppcibably  only  a  small  quantity  of  the  drug  was  alisorlnid^  is 
the  sulphate,  which  is  generally  used,  is  exceedingly  insoluble. 

The  extensi%'e  use  of  quinine  in  therapeutics  has  demonstrated  tl^ 
many  persons  have  curious  Idiosjncift&ifis  in  regard  to  it.  This  is  if 
trayed  in  many  crises  by  the  development  of  ear  sTOiptoms  after  ci^cfl* 
paratively  small  doses,  but  in  others  symptoms  arise  which  do  nt)t 
Appear  in  the  great  majf*rity  of  people  even  after  large  doses.  The 
commonest  of  these  are  sldn.  eruptions,  of  which  a  laige  variety  Imve 
been  desciibed,  and  which  can  be  distinguished  from  ordinary  disefiitf 


■ 


QUINLVK 


363 


of  the  skin  only  by  the  history  or  by  the  detection  of  quiDioe  io  thi* 
and  other  excretions.     Tht^se  exanthemata  are  often  accompanied 
>y  fiomc  rise  id  temperature,  which  has  received  more  attention  than 
appears  to  deserve,  For  it  is  rare  and  even  when  present  is  of  insig- 
iifieant  exteat.     Other  less  important  effects,  which  have  been  occa- 

fsitmally  Qoted^  are  gast ric  d iseom fort  and  diarrhoea,  while  albuminoria 
and  ^ffttns^ttiri^  have  been  met  witTi  in  a  very  few  cases  and  hsemor- 
rhag^d  from  various  surfaces  have  been  ntited  oeeasionally, 

The  actiog  of  g^jipne  on  the  Utanifl  ia  the  subject  of  a  large  nural)er 
of  memoirs,  but  is  still  quite  uncertiiin.  Abortion  certainly  occurs 
ocaisionally  after  its  use  in  malariuj  w^liile  in  other  cases  hiljor  pains 
may  be  induced  by  quinine.  Many  pliysiicians  use  it  during  Ialx>r  if 
the  pains  cease  or  if  they  seem  to  be  too  weak  to  expel  tlie  child.     But 

[opiaiong  f|iffpr  a^t  to  itd_efficicae^%  for  while  some  regaRl  it  as  the  most 
useful  of  remedies  for  this  purpose,  others  have  found  it  to  fail  in  the 
great  majority  of  cases  and  regard  this  action  as  an  idiosyncrasy  con- 
fined t^)  a  small  pnjpiirtion  of  individuals.  It  is  quite  impossible  to 
state  how  quinine  acts  here,  but  is  seems  most  likely  that  the  uterine 
muscle  is  affeetetl  directly. 

In  the  ATifnAnfAyy  Ttb^^  quinine  and  the  cinchona  preparations jafit 
in  the  sam^  way  im  thp  «imp]f»  )iiHi^r>3  (page  56).  Quinine  delays 
proteolysis  in  experiments  in  artificial  digestion. 

The  constant  effects  of  f|iiinine  on  tlie  Meta1>oli8m>  which  are  pro- 
duced by  quantities  of  the  drug  tfjo  small  to  have  any  further  action 
except  in  s{>eeially  susceptilile  iudividuals,  are  of  niiich  greater  interest 
and  importance  than  the  symptoms  already  mentioned.  This  alteration 
of  the  tissue  change  occurs  tlironglvnut  the  raammalla*  and  consists  in  a 

tgnrlcAtt   i^iipiiiytion    in    fhn  dc^lnn^tinTi  nf  the  nij t-QgenoUS  CiHIsti tUf n t.S 

g%f  thA  ^ftiiiiPg,     After  the  administration  of  quiniue,  the  nitrogen  in  the 

■  Itrilie  is  found  at  first  slightly  augment wl  for  a  few  hours^  but  then  nn- 

a  diminution  of  considerable  extent,  due  to  a  reytricted  produc- 
tion of  all  the  nitrogenous  constituents  of  the  urine,  but  espt^eially  of  the 
urea  and  the  uric  acid.  The  latter  might  l>e  expedited  to  be  lesseniHl  from 
the  diminished  numljer  of  lencoeytes  in  the  Idood,  while  the  CiUiag 

the   urea  and   total  nitrogep  and   sulphur   indicates  that  tlie 

"lf*BWI'^rr^  '^f  ^l^^,p"^^^  hmnri  in  gn^n"nl  is  retarded  by  quiiuue. 
The  phosphates  and  sulphates  undergo  a  corresiKinding  alteration,  but 
all  of  the  raetiibolic  changes  are  not  affected  by  quinine,  for  the  car- 
bonic acid  exhaled  and  the  oxygen  alisvirW^l  by  the  lungs  present  no 
m:irke<l  alteration  in  amuunt,  so  that  the  oxidation  of  the^  tissues  can- 
not be  sjiid  to  be  altered,  but  only  the  breaking  down  of  the  nitroge- 
nous bodies,  Thig  absence  of  effect  on  the  oxidation  of  the  body  is  not 
what  might  have  been  expected  from  the  experiments  of  Binz  and 
others  on  the  simpler  tissues,  for  these  showed  that  oxidation  of  all  kinds 
led  by  quinine.    On  the  other  hand,  it  corrt*sp)nds  with  Jue- 

ti>eriments  on  the  oxidizing  ferment  of  the  tissues,  and  has  been 
altaaCed  by  too  many  observers  to  allow  of  any  doubt  as  to  its  correct- 
aan.     In  the  case  of  several  other  drugs  the  diminution  of  the  urea  is 
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compensated  for  by  the  increase  in  the  other  nitrogeoous  bodies  1 
the  urine,  but  the  fall  in  the  total  excretion  of  nitrogen  after  qiiin 
points  to  an  aUeralicm  of  the  nietalK>ltsm  of  the  body  in  general,  j 
not  to  the  paralysis  or  destrLietion  of  the  organs  which  change 
first  products  of  the  nitrogenous  metabolism  to  the  simpler  forms  1 
whicli  they  are  finally  excreted.  The  oxygen  absorbed  and  tJie 
bonic  acid  excreted  by  the  tissues  are  generally  held  to  measure  \ 
amount  of  work  done  and  heat  formed  by  the  muscular  and  oil 
movements  of  the  bmly,  and  quinine  therefore  does  not  seem  to  afl 
these  functions,  \vhile  it  would  appear  that  some  other  processes, 
hapfl  the  death,  growth  and  repair  of  the  tii?sue8,  are  less  active 
normally*  At  any  rate  the  nitrogenous  food  is  not  dissijxited  80  i 
idly,  but  is  stored  up  in  the  body  in  some  unknown  form,  for  v.  Xoor 
found  that  under  constant  diet  the  nitrogen  excretion  diminished 
quinine  and  this  diminution  continued  for  two  days  after  the  tr 
ment  was  stopped*  The  nitrogen  absorlied  from  the  alimentar}'  can 
remained  unchanged^  and  a  certain  amount  of  proteid  food  must  theri 
fore  have  been  added  to  the  b^xty  and  saved  from  the  decompositj 
which  it  would  have  undergone  in  ordinary  circumstances. 

The  influence  nf  qninine  on  the  metiibnliiim  U  nT^igply  ^nnfrfin 
with  its  effects  on  the  body  Temt>eratiire>  It  was  early  observed  th 
besides  its  specific  effects  in  malaria,  quinine  often  depressed  the  ten 
perature  and  improved  the  condition  in  a  number  of  other  fevers.  Th 
was  long  supposed  to  be  due  to  some  action  that  it  exercised  on  1 
central  nervous  system,  but  when  the  nervous  theory  of  fever  fell  inti 
disreputCj  this  explanation  also  came  to  be  looked  upon  with  suspidfJl 
and  was  finally  disposed  of  by  t!ie  exj^eriraents  of  Binz  and  others,  wh 
showed  that  quinine  lowered  the  fever  temjieratui'e  after  division  i 
the  spinal  cord,  Binz  therefore  attributed  the  antipyretic  effects c 
quinine  to  its  direct  aotion  on  the  tissues,  and  this  explanation  is  j 
enilly  held  to  be  cr*rrect»  It  is  to  be  remarked  that  while  there  b\ 
question  as  to  the  reduction  of  the  temperature  effected  by  qmniuei 
many  cases  of  fever,  it  has  little  effect  uj>on  the  normal  temperatun 
In  some  cases  a  slight  fall  in  the  thermometer  is  observed,  but  it  i§' 
never  very  considerable,  and  often  no  results  follow  its  administration,^ 
or  a  rise  of  0.1-0.2'^  C,  may  occur, 

Gottlieb  found  that  the  fever  temperature  produced  In  rabbits 
injury  of  the  region  of  the  corpus  striatum  yvns  reduced  by  quinine,  ani 
that  the  regulation  of  the  heat  production  according  to  the  tem[>craturt 
of  the  surrounding  air  was  not  impaired  by  it.  Thut^,  when  the  teoc 
perature  of  the  cage  was  kept  at  about  30—32^  C,  and  animals  poisonetl 
with  morphine  and  some  other  drugs  had  fever  temperature,  the  rab- 
bit to  which  quinine  had  been  administered,  showed  little  change  from 
the  normal.  From  this  he  infers  that  the  heat- regulating  mcchanij^ni 
of  the  brain  is  not  affected  by  quinine,  and  that  the  reduction  of  tcm* 
pi*niture,  when  it  occurs  at  all,  is  due  to  alteration  in  the  metabolitjoi- 
1  u  a  later  research  the  same  author  found  by  caloriraetric  expeTiroenti 
he  warmth  production  was  lessened  by  quinine,  both  in  norm* 
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in  those  in  which  fever  had  been  iaJiictid  by  injury  of  the 
ntum*  This  lessened  productioQ  is  aecoiupaniod  by  a  less- 
ifput  of  warmthj  as  occui's  in  mi|Hnsoned  animals  when  for  auy 
the  heat  formation  is  retarded*  The  lesseoed  hoat  iormatioD 
ninine  he  aguio  regards  as  evidence  of  its  effects  on  the  meta- 

\  escplanatioo  of  the  antipyretic  effects  of  quinine  is  not  without 
ties»  however.  As  has  h*?en  stated  abovey  tlie  modern  theory  of 
b  production  in  the  body  is  that  the  oxidation  of  the  carbon  oora- 
l  is  the  chief  if  not  the 

mroe  of  heat ;  but  quinine  ^^^'  ^^' 

U)t  leeaen  the  amount  of 
i  absorbed  nor  of  carbonic 
tcreted  by  the  lungs,  as  it 
be  expected  to  do  if  it 
only  thn>ugh  the  metiibo- 
nd  this  has  led  sonic  inves- 

5  to  deny  that  the  heat  pro- 
3  IS  lessened  in  the  body* 
'eduoes  tlie  antipyretic  ac* 
^quiutne  to  a  paradox  ;  on 

6  hand^  there  is  no  question 
m  temperature  falls,  while, 
other  band,  the  combustion 
muly  not  reduced  to  any 
B  extent,  and  at  the  same 
lere  is  no  reason  to  suppose 
le  oatput  of  warmth  is  in- 
L*  While  no  solution  of  -^ 
lemma  has  been  offt^ral  as   JlTiZ'uuTn^V^j;^'tXV::'.:?USt 

seems  extremely  probable    r'',?„'SSjTa™tSiw2Sror^:[;li!i1o^'£2?"^ 

he     &Dti pyretic     action     ot  (»tiauit«i  by  measuring  its  dlstauco  (mm  the  nb- 

,      f       ^ '^  .                   J.          1  BcisnzAB.    The  dotted  ILue  repre»euts  tlie  111 t«rn 111 

e  IS  due  to  its  retaramg  tne  t^mpemtmre.     From  A  ta  N,  noTmul    M  /fau  in- 

1.              "x  L        U                           A  J'^^y  ^**  ^^^  brain  cantaed  a  marked  dlmimullou  in 

)USm  J    It  nas  OCen  suggest-  th*?  hi^ul  output  and  a  carresijondlug  Hue  in  llie  in- 

,#  «*krT^    *lf..^  ^  «i,1  ii".^;    «     :»  twrtral  teraiiernturQ-   At  u  quinine wj»i4  ftit ml ui^terod 

^l  Wnile    tne  ConiOUfetltm    m  ^i,^  ^^s  f  a  lowed  bv-  an  immediate  fall  in  tbe  iuteTw 

rmil  tiHiStiP'*  i<  iirkt  fifiTri-fprl  t*al  tempfrniture,  whlk^  the  heat  output  irw  practlc- 

aine,  the  presence  of  fever 

»  throws  them  into  a  state  of  augmented  activity  in  which 
ire  more  susceptible  to  its  sedative  action,  and  that  even  in 
urinal   organism  a   retluction  of  the  temperature  might  be  in- 

if  sufficient  of  the  drug  coo  Id  be  ingested  without  exciting 
»yfiiptonis.  In  this  connection  it  is  of  interest  to  renieniber  that 
tf  the  nitrogenous  decomposition  is  much  increased,  while  quinine 

directly  oppi:*site  effect.  The  diminutiou  in  the  nitn>genou8 
&lkm  may  also  lead  to  an  increased   resistance  being  oflereJ  by 
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that  Maragliano  stated  titat  quinine  (Hlatefl  appreciably  the  peripheral 
er  ;  but  as  it  Iuim  tbe  name  elfect  in  liealth  this  dilation  tiannot  he  lielcl  to 
I  the  fall  in  temperature,  for  in  bcaltii  quinine  bais  no  Buck  antipyrLlie  action. 
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the  tissues  to  the  cause  of  the  fcvxr,  or  may  lessen  the  {x^isonous  pro- 
ducts cireuhitiog  in  tlie  blood.  In  additiou,  the  iiiicrobuj^  of  fever  may 
themselves  be  i^endered  less  active  by  the  driii^,  ulthough  this  aotiseptic 
sictioQ  would  appear  to  be  of  subordinate  importance,  as  many  of  the 
pathogenic  ibrms  have  been  found  to  otier  great  resistance  to  it. 

Quinine  has  much  more  cfiect  in  reducing  temperature  when  it  is 
administered  in  the  beginning  of  a  natural  reniissiun  than  when  it  is 
given  during  a  rise  of  tlie  tbermometer.  This  property  is  shared  by 
most  antipyretics  aud  will  be  treated  of  at  greater  length  under  the 
antipyriue  series. 

Excretion.  — Quinine  appears  in  the  urine  within  a  short  time  (30 
minutes)  after  itt?  exhibition  by  the  mouth,  and  about  one  half  of  the 
quantity  absorbed  is  excreted  within  six  hours.  After  this  it  {>asses 
out  of  the  body  more  slowly,  and  tracer  may  be  detected  in  the  urine 
seventy-two  hotiVB  after  its  administration.  In  some  fevers  the  ex- 
cretion is  said  to  be  considerably  retarded,  Kerner  found  that  some 
of  the  quinine  absorbed  was  p:uiially  hyd rated  in  the  tissues  and  ex- 
creted as  dihyilroxyl-qiiinine,  but  if  any  such  change  occurs,  it  cim 
affect  only  a  very  small  proportion  of  the  alkaloid,  as  over  ninety  per 
cent,  of  that  iugcsted  has  been  recovered  imaltered  from  the  uriue.* 

Of  the  Other  CmchonaAlkaloidSjqn  in  i  (line  or  conquinine  resembles  quinine 
most  closi^ly  Til  its  etlci'ts^  wliieli  aru  soriicwhut  weaker,  however,  Cincho- 
iiiue,  wliilo  very  siiuiiar  to  cjuiaidine  m  most  pointSj  has  some  tendency  to 
]>rodut!e  corivulHioriB^  but  this  elTect  is  mueb  more  liable  tooeeur  mjdfr  ein- 
choiiidim?  which  save  for  its  resemblance  in  other  leatnres  to  quinine,  would 
l>e  entitled  to  be  elaa^^ed  aiaoiig^  the  convulsive  poisons.^  These  ctinvul^ions 
are  of  att  eijilepliform  eharaetcr,  and  are  oaly  product  (1  by  very  large  doses, 
but  Alhertoni  disiruvered  thut  even  Binall  i|uantilies  administered  to  epilep- 
tics increased  the  number  of  the  attacks.  He  found  that  these  epileptiform 
Beiitures  were  not  prevented  by  the  removal  of  the  cerebral  cortex  in  dogi?,  and 
that  the  irritability  of  the  motor  ureas  was  not  altered  by  cinehonidine^  aud 
therefore  coucl acted  that  the  poison  produced  these  symptoms  by  acting  on 
some  lower  division  of  the  central  nervous  axis.  It  U  believed  by  many, 
however,  thtit  epileptic  attacks  eiin  be  elicited  only  wiien  theeerebral  cortex 
is  intact,  iiad  although  no  results  directly  opposed  to  those  of  Albertoni  have 
been  recorded,  the  question  mast  still  be  regarded  as  an  ojien  one. 

In  other  respects  cinchonine  and  cinchonidine  ditler  from  quinine  only  in 
the  degree  and  not  in  the  kind  of  their  action*  Cincbonamine  po^^sesiies  an 
even  more  markoil  convalsiint  action  than  cinehonidine. 

Tiie  etft'cts  of  the  other  alkaloids  have  not  been  the  sabject  of  much  m* 
vestigation,  but  they  seem  to  differ  from  quinine  chiefly  in  their  etlects  on 
the  central  uer%'ous  system.  These  are  not  entirely  al>sent  in  quinine  itself, 
for,  as  has  been  stutod  already,  the  rellex  irritability  is  at  first  increiised  and 
then  diminished  in  both  frogs  and  nminmals,  and  in  some  ea^es  even  con- 
vulsions are  stated  to  have  oecurred  in  quinine  poisoningj  although  tliese  are 
so  rare  that  the  Huspidon  is  nrouf*ed  that  the  preparation  was  contaminated 
with  cinchonidine  or  some  other  alkaloid. 

Cinehonidine  seems  the  most  poisonous  of  the  four  chief  alkaloids,  quinine 
following  next,  and  then  cinchonine  and  qninidine, 

*  Further  investigation  reprnr<linjQj  the  ftite  of  quinine  in  the  human  tissues  is  desir- 
able, Binee  Merkel  Iuls  found  tlnit  seven-oij^duhs  of  tliEit  administered  to  dogs  is  com- 
pletely oxidixe<l  find  the  rt^mainin^  eighth  undergoes  extensive  chemical  change. 

*  These  convuHons  are  not  confined  to  the  vertebrate  kingdom,  but  have  aJ«o  been 
observed  in  the  crab  by  LangloM  and  Vurigny. 
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Preparations. 

U,  8.  P. — Cinchona,  the  bark  of  Cinchona  c^lisaya  a«d  of  C.  oflSciiialis 
bd  of  hybrids  of  tht-se  and  of  other  8|ieeit*!^  of  Cint'houiij  yielding  not  leas 
,  5  per  cent,  of  total  alkaloids  and  at  lea?^t  2.5  per  cent,  of  quinine* 
B&ona  Rubra,  red  citK-hona^  the  hark  of  Cincboaa  sLceirtibru,  contain- 
Tog  at  It^a»t  5  per  cent,  of  alkaloidii. 
Infusum  Vinchoriije,  60  c.c.  (2  0.  oz.). 
ExTltACTUM  ClNCHON.E,  0.5-2  O.  (lO^O  gTS.), 

Extract  urn  i\achorue  Fluidtttrij  4  c.e.  (1  11.  dr.). 

TiN'CTXJKA  Cinchona,  4-Ui  e.c,  (1-4  11.  drs.). 

TtNCTLTRA  Cinchona  Composita  is  the  only  preparation  of  red  cmchooa^ 
and  contains  in  addition  serpen taria  and  bitter  orange  peel.  4-15  c.c.  (1-4 
fl.  dn^). 

The.!<ie  preparations  of  cinchona  were  formerly  mn*3b  more  in  vogue  than 
at  the  pre4<^ut  day,  in  which  they  have  been  replaeed  for  most  purpoi»ee  by 
the  alkaloids.  They  are  still  prescribed  alone  or  together  with  other  reme- 
dies a^  stomachic  bitters. 

Qdixina, 

iJClNINJE  8ULPHA8, 

iiumin^e  BUwtphas^  1    0.3-1  Q.  (5-15  grs.);  to  be  inoreaaed  when 

yutflinir  ffydrobromatij  uecesaary. 

QUIKIXJe  HYDROCHLORAi>, 

Quininm  Valeriannfn^ 

F^rri  et  Quinime  Citra»,  0.;i-0.t1  G.  (S-10  grs.). 

Ftrri  ei  Quinime  Citras  Soltibilts,  Q/d-{).i5  G.  (5-10  grs,). 

S^rupus  Ferri^  (^aininte  el  Slrt/chnitui:  Fhoephaiuniy  Easton'a  syrup,  4  c,c. 

a.  dr,). 

B,  F.— CinchonsB  Rubne  Cortex,  red  cinchona  bark,  the  dried  bark  of  the 

Bin  and  bninohei*  of  Cinchona  succi rubra.  It  ought  to  contain  5-6  per 
tsuL  of  total  alkaloids,  of  which  one  half  nhould  consist  of  quinine  and  ciu- 
lionidlne* 

Etiraotum  Cinchomr  Liquidum^  5  per  cent,  of  alkaloids,  5-15  mins. 

TorCOTaaClNCHuN^^  I  per  cecit.  of  alkaloids,  ^-l  11.  dr. 

TlKCTUBA  CiNCHox  Jt  CoMPUsiTA,  containing  bitter  orange  peel,  serpen* 
lary  and  csoloHug  matters^  j-1  d.  dr. 

Infusum  Cindu>nse  Acidum,  containing  aromatic  sulphuric  acid,  )-!  fl»  az. 

QtnXlNiB  HTTDROCHLORmUM,  I 

i^uinimr  Hydrochloridum  Acidum,  >  1-10  gra. 
QlJINlX.K  f^ULPHAii,  ] 

l\nciura  ^aiaimr,  formed  from  the  hydrochloride  and  flavored  with  orange^ 
-I  II.  dr. 

Tindiim  Quint n«  Ammoniata^  formed  from  the  sulphate,  J-1  fl.  dr. 
Vkaam  Qmnimt,  \-l  d.  o^. 
PUula  Quimnx  Safphatis^  2-8  grs. 
Sjfrupm  Ftrri  Pfujsphatis  cum  (^uinina  et  Strtfchnina^  Easton's  syrup.     Each 
fl.  dr.  oontains  f  gr.  of  quinine  :»ulphate  and  /;  gr.  of  strychnine.     |-1  11.  dr. 
F^rri  ol  Quinime  Citraa^  5-10  gi^>.     (Sec  Iron.) 

Quinine  is  practically  ipHoluble  in  water  and  several  of  its  salts  are 
only  diii:5oIvecrs|>aritigly7^  rhus,  the  sulphate  ra^uires  800  times  its 
>wn  weight  of  water,  the  hydroehlonite  35,  the  hydrobromate  54,  aud 

lie  valerianate   100,       The    [vrn^ii^n^o    nf  finiii    in    P7^ngg«_rpnd^!g_^*^^"^ 

LJi^more  soluble^  and  the  acid  hy*Irochlorate  is  dissolved  in  less  than 
^ri  weight  cd   water,  the  bi^iulpiuite  in    10  part^.     They  all  form 
rystalline  powders  with  a  very  bitter  taste,  and  their  solutions  in 
rater  have  a  blue   Huorescence  when  sulphuric  acid  is  present*     The 
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ophor,  and  various  volatile  oils  ;  it  is  possible  that  soDie  of  these 
ided  the  quinine  through  their  effects  on  the  stomach.  Vnrioua 
I  as  capmciim  and  piperine,  have  long  had  some  reputation  as 
I  ciuinlne  treatment  for  a  similar  reason. 

I,  Sulphas.       \  (U.  S.  P.),  0.5-1.6  G.  (8-20  gn,.). 


I  Sulphas^   J 

caloids  have  been  used  occasionally  as  subslituteji  for  quinine^ 
mewhat  leas  therapeutic  effect^  while  cinchonidine  is  mor^  liable 
sfinptotDd  of  poi^omng.  They  might  all  be  dispensed  with, 
i  to  therapeutics. 

«  and  quinetum  were^formerly  used  as  eubstitntes  for  quinine  at  a 
rhe  price  of  the  latter  was  very  high.     They  were  mixtures  of  the 

>  alkaloids  and  have  fallen  into  disuse. 

Uses, — The  introduction  of  cinchona  into  therapeutics 

the  discovery  of  it^  efficacy  ux  ^g"^  ^^"^  T^^^^^"%  and  with 

Brience  in  the  disease  and  its  treatment,  the  conlidence  in 

rather  in  its  chief  alkaloid,  has  coni^tantly  increased,  until 

^f  f^uinine  in  malaria  is  now  cpij^tol^aa-ihc-be^it  exainple  of 

The  exphination  of  its  action  has  only  been 

rithin  the  last  few  years  with  the  discovery  of  the  cause  of 

plasmodjiim  malarijej  although  in   1868  Binz  suggested 

m  unknown  malarial  poison  was  probably  rendered  inert  by 

7he  pla>  modi  urn  belongs  to  tlje  group  of  protozoa,  and  in 

stages  comes  to  resemble  somewhat  the  anireba,  on  which 

rimented.     The  effect  of  quinine  seems  similar  in  the  two 

I  although  it  is  prol>al>Ie  tliat  the  alkaloid  acts  more  strongly 

ilarial  organism  io  the  bluod  than  on  the  common  amoeba 

iBt«r;  another  organism  closely  related  to  that  of  malaria 

I  in  the  bhmd  of  birds  appears  to  be  unatTected  by  quinine. 

aine  13  administered  to  a  patient  sutfering  from  malaria,  the 

in   the  blood  breaks  up  and  disappears,  leaving  only  a  few 

tont  forms ;  these,  however,  may  continue  to  grow  and  mid- 

Bbey  cause  a  second  attack,  unless  the  treatment  be  continued 

^-iving  organisms^  changing  into  less  resistant  forms,  are 

l>y  the  drug. 

of  malarial    blood  the  plasmodia  may   be  seen   in  active 

but  a   minute  drop  of  quinine  solution  jmralyzes  and  kills 

ly  as  it  kills  the  amoeba.     The  explanation  of  the  action  of 

[malaria  lies  in  its  effects  as  a  protoplasmic  puison,  therefore, 

raore  strongly  (specifically)  on  the  lower  forms  of  life  than 

pr,  and  can  consequently  be  introduced  into  the  human  body 

ity  in  doses  which  arc  destructive  to  the  simpler  organisms 

Ihave  invaded  it.     An  attempt  has  lx*eu  made  to  expliiin  the 

ininine  in  malaria  by  a  tontc  or  strengthening  effect  on  the 

Hereby   they  are   rendered  more    resistant    to  the  invasion, 

effect.s   would   seem   to   be   more  easily  explained   bv  a 

OB   the  Plasmodium.     Experience  has  shown   that  qui- 

^  effective  when  ij^au^cHm mediately  after  the  paroxj'sms 
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of  ague,  and  this  is  now  explained  by  the  fact  that  the  organisms  are 
in  their  least  resistant  form^ — ^the  aoioeboid  —  at  tins  time.  If  quinioe 
is  given  at  the  beginning  of  an  attack,  sufficient  will  remain  in  the  blood 
when  the  temperature  begins  to  fall  to  destroy  the  unprotected  sjjores 
of  the  par.isite,  or  the  same  result  may  I>e  obtained  by  a  dose  given  as 
the  temperature  begins  to  fall  provided  the  drug  is  rapidly  absorbed, 
as  is  ordinarily  the  case.  It  may  be  ordered  in  one  dose  of  about  1  G. 
(15  y;T^^)t  or  in  divided  doses  given  at  iutervala  during  the  fall  of  the 
t-emperature.  This  frequently  prevents  tlie  next  attack,  but  if  any  rise 
of  temperature  occurs,  a  smaller  dose  should  be  administered.  After 
this  a  dose  of  1  (t.  should  be  given  every  six  days,  in  order  to  eom- 
plete  the  destruction  of  the  organisms  which  have  developed  from  the 
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Temperature!  churl  Iti  a  ca-te  of  malaria  In  which  qulQtnfl  (tO  graliifl)  wv  admlofatered  in  the  third 
mroxjHm  vi  the  temperaturo  vroji  fiUting.  Oo  tlie  rollowiug  diijr  noriaeof  temperature  occun. 
The  temperature  wae  takea  every  ihreo  hours.     (Ooojc,) 

resistant  forms  left  alive  after  the  first  administration.  Quinine  is 
generally  administered  by  the  mouth  in  malaria,  but  its  intensely  bitter 
taste  renders  this  treatment  disagreeable,  and  in  children  and  in  cases 
of  persistent  vomiting  it  may  be  impossible ;  in  such  circumstances  it 
may  be  given  in  an  enema  or  suppository,  or  in  children  tlie  tasteless 
forms  may  be  employed.  In  recent  years  good  results  have  been  ob- 
tained by  the  hyp'xlermic  method,  and  in  tlie  severe  ibrm  known  as 
pernicious  malaria,  Baccelli  found  the  intravenous  injection  superior 
to  any  other  method  of  administration,  A  great  deal  of  weight  was 
formerly  laid  on  the  nsc  of  purgatives  and  emeties  as  preliminaries  to 
the  treatment  nf  miliaria  with  (jiiinine,  and  the  former  are  undoubtedly 
of  service  sometiTues,  altliougli  it  is  unnecessary  to  delay  the  quinine 
treatment  by  wailing  tor  the  intestines  to  \ye  evacuated. 

Quinine  is  used  not  only  as  a  remedy,  but  also  as  a  prophylactio 
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igAtnst  malaria.  Its  value  for  this  purpose  1ms  boeii  attested  by  long 
axperieace,  but  there  is  still  no  miiiuimity  of  opinion  as  to  the  Ix'st 
roetht^l  of  adoiitiistration  ami  the  <Iose  required,  Plehn  found  that 
one  gramme  of  the  sulphate  given  in  one  dose  every  seven  day.'*  was 
sisiBcient  to  prevent  the  di-tense,  which  is  believed  to  have  an  inenba- 
tioti  perio<l  of  a  week,  while  others  recommend  doses  of  QJ^il,2Ji? 
(^-^g^rsj^^ery  mornings 

One  of  the  result^  of  Tpiinine  medication  in  early  cases  of  malaria  is 
Ibe  reduction  of  the  enlarged  spleen,  and  tliis  has  led  to  its  use  in 
other  Diseases  of  the  Spleen  with  enlargement.  In  malaria  the  eflfect 
kp  the  epleeu  is  only  secondary  to  the  removal  of  the  cause  of  the  dis- 
Ppe»  but  the  action  of  quinine  in  lessening  the  number  of  leuct>eytes 
ill  the  lilood  might  explain  st»me  alteration  in  the  spleen.  In  some 
ctms^  uf  leucsemic  enlargement  encouraging  results  have  been  obtained 
from  the  oontitiued  use  of  quinine. 

Various  other  Febrile  Conditions  have  been  treated  with  quinine, 
partly  for  the  sake  of  its  antipyretic  effects  and  partly  in  tlie  belief 
that  it  acts  iis  an  antiseptic  in  the  blood.  As  regards  its  effect  on  the 
temperature  in  non-malarial  fever,  it  not  infrequently  causes  a  oon- 
eiderahle  fall,  and  has  tlie  advantage  of  ]>ossessing  a  more  prolonged 

K'on  and  of  causing  less  risk  of  depression  and  collapse  than  the  newer 
ipyretics.  On  the  other  hand,  the  fever  is  not  ri-ducetl  so  rapidly 
and  generally  not  to  the  same  extent  as  by  the  latter,  and  the  h\rge 
quantities  of  quinine  rt^quired  are  liable  to  cause  discomfi)rt  from  their 
tSkcXB  on  the  bniin  and  bearing.  Typlioid  fever,  scarlatina  and  other 
aoote  pyrexias  are  sometimes  treiited  with  quinine  for  this  effect.  The 
beat  resultH  are  obtained  when  it  is  exhibited  in  maximal  doses  when 
the  temperature  is  falling  or  when  it  has  been  temprarily  reiluced  by 
other  mi»sins,  such  as  c<ild  baths.  Perhaps,  however,  the  l:M-neficial  ac- 
tion of  quinine  in  those  wises  ought  to  be  measureil  m^t  so  mucli  by 
the  reduction  of  the  liody  temp<»rature  as  by  the  lessened  destruction 
fii  the  tissues.  It  would  be  interesting  in  know  wliether  in  those 
Biesi  in  which  quinine  treatment  issueeessful^  the  nitrogen  of  the  urine 
vk  diminished  in  ptx>^K>rtion  to,  or  in  excess  of  the  fall  of  the  temp^Ta- 
ture.  In  general,  antipyrine  and  its  allies  have  succe<Hled  in  ousting 
quinine  from  it*  former  position  as  the  best  of  the  antipyretics.  Tlie 
use  of  quinine  has  been  ret*om mended  in  septicaemia,  largely  from  a 
belief  in  its  antiseptic  iu?tion  in  the  blood.  In  tliis  connection  it  is  to 
be  remarked  that  the  microbes  of  septic  fever  are  very  much  more 
resktaut  to  the  action  of  quinine  outside  the  Ijody  than  are  the  pro- 
tosoai  and  the  question  thf*rcfore  arises  whether  the  blood  and  tissues 
are  not  liable  to  lie  seriously  injured  by  the  quantity  of  quinine  re- 
quirrn!  to  act  on  the  parasites  they  mntain.     In  many  ciises  of  septi- 

ria  in  which  beneficial  results  are  said  to  have  been  obtained  by  the 
of  quinine,  the  quantity  administered  was  obviously  too  small  to 
have  any  effect  either  on  the  temperature*  or  on  the  microbes, 
^Quinine  has  been  itsed  in  various  forms  of  Neuralgia  and  Headache, 
^B^iaily  when  they  were  iieriodic  in  their  appearance,  and  g<xKl  re- 


sujie-  iicv*:  ifsreL  oitiam^  il  iitrr^  'M^^  auc   iis*    ii.  ouieiv  wJKMi  I 

uiijiiiirLj^  i»rij::i..  iiuu  u«  •jr:i'Uixiauui.  o:  tii-  anioi  o:  qumiiHr  uct*  » 
i»-^L  iiri«i»'-?--L..     J>rrL;ai*r  :i*-.  irrrir^u-rt.'  i'»rmauoi.  o:  uri'.- acid  auu  Ola 

lH)lrflUOUr    lirLKlUCle-    IL:£V    y^  sUfOTt'^^l'    ar  2.    iKieidbk  tSaUft'  of  tlh  ifi- 

TiK  liii'-'iurr:-  -•^  clucij'lUL  ar-  oiwi  pivrcriuec  a.- sfeOBUchic  iita 
auc  i'»r  mi-  iiuriK.*!*^  arv  ir-^nr^mL-'i  i«jniii*rc  i»;  prepamiioDr  o:  sm 
vunii'^  u:  ti:  u**:  *iiiii.ij«:  Diner-. 

'.jimiiii*  iihs-  i»^jL  a(jvj--rc  XL  v-ij'i'iMi;ir-i'»»U2'i..  hay  ievcr  anc  iir 
fiur^z:.  auc  il  iar  ir  rr-irarcj-r^..  pv  niaii^  n-  ;  ■n#?-'jiiif  u.  riieet  dir«Hs&. 
iiiiiuiri.  o;uerr  ll^v^  inuuc  i:  unT^i:u:.»i-_  i:  i.-  ori-eL  difiiciil:  t*  mauft 
1.  'mill  ii  lait*  lu*  I'iTir^!  siiii':.  aijL  rr-j*»ur-  m:i'  i.»^  Had  u- tii*  slu- 
jiiic  n-!^!:.  -fUi}uii::ii'..  ••'  iij-  laiiiiai*.  di?:rui*r't  viu.  sugar  or  ctioooiut. 
Tif   ".  -  'K  I  *.»iiiU"i  a-  1.  vi;-!   ]i.T  Lij*  iji>->.  u.  aa;^  i^ver  irar  brousic 

■.  jmr^  jr-    au  c.    11    if*  Il  I  •  'Tu  t ».  *      i:r-.'  ui  ra     : !  \  ♦•  -: :  j  oi : . .     1:    uae-    fiom«riiiDt- 
i»t^i.   ii-i-*t  a*  ai   aiiii-:*iiii'.  •jirir^nail."  .  i>u:  l-  i\.k    €Si>exi£iv*-  lor  ori- 

vjumiiK  iaL^  L»t*ei  ac^'i^ec  a.-  ar  ecbolu  !<  lucrea?*.  tiit  oanxrtcnaK 
o:'  ;ii*  ui-:rrur  uuriii::  jain*:.  Tiiir  wa.-  suinrt^i-t^  ny  tut  obfiervxtioL 
luu:  u  iLuuLar;a>  rr-ijioii-.  aiiortioi  ''•.•'ja^i'.'iial;^  iKr^nrrec  she:  anmnie. 
nu:  Eiai';  r^^ran  iiu.-  ar  oim  o:  tur  rar-?T  idj^^^^vucTaak?!-  ratuer  tbarat 
1.  lao:  iiiHjL  v.'i:i-;i  lut  iii^?TaiK*uii'.  Urr.  «>:  lu*  arut'  ir  t»  it^  oatrtil.  A: 
lilt  sani^  Tiiij»  itiii*?i>  reiHjr:  iitt  nji»£*.  sau-^iacr*?^  resuii-  iT»3aL  Tw- 
treaTiu*?D:  .>*"  ut-erm*  luena.  vm  iiuiiiiiK  anc  prei*r  i:  i*  ^ts*t,  n.  thir 
•.•nudiuuL  Till  nji'Vrr-nit'ni^  o:  tn-  utenir  uinui^rc  ar*  saul  b  i»e  pac*- 
li'^sil^   iueniica.  t^ui  tui»-^.  nv^urriiii:  laxTuraliv. 

Contnunfi laations. . — Viier^  l  *i»t*c;a-  iu]i*r:yii'?T»?;v  -?xhi£.  nniniiK  nmy 
i>*  uii-^uiianK.  iiu:  iii*^  'ji!*-*-  ai>  ia*  rare:  iiiai.  ir  ireiieralj'^  Deiieved. 
^  njitueraT^  aoTJoi.  oi  id»  i»*janii:;.  i-r  vxac^uj-..  ir  ip»:  t«  xr.^aosiasrK. 
I,  vonTraiijnj'jaTioi.  aitijouiri-  ii  uil*?^  ca^r-  :  anal,  ci--*^  t-  often  if«ur«L 
?ufijcJen:  ii.  maairu..  Viier^  ai  iiifiamiiiain'^  mucni'fi  *t  tn^  ii*ai.- 
hTaii-tr-  of  tiir  tjar  ainaiin  *.'::i-ti.  iiumiij-!  «ui^ir  u  \*^.  acaiiinisierrt.  vTi 
car-.,  or  avoia-c  ^nir*-!;'  i:  iK»-i5i>i-.  Tii*  aadmoL  -r  UT*imia^  i? 
oti»n  foimc.  T»  ifsi*^  OT  r-fni'>v.  ti»*  di-(»iuioT:  ari^iic  iraiL  Hr  di?- 
onierrt.  iK'ariui:.  pii:  tji*  ouam:"  ■■:  ur-jinicH  rontau^vt  n.  lir  r'^oyi- 
hToni:xT»  o:  •juiihu*  ^^  iiisiiiii?»vi:*  !•  rfi-'^-  insr.aiiL  tir  ordixia^  i-^is- 
fiiin.  s:U:  I'^xi'jiv.  uktoI'T;  !•  I-  iiT^^cr*iit*-c.  "VTiiert  v-s^  i::aTi-c 
di^TUTiwii:*-.  .^'  :if  dixre«iioi  -j-i-tr  iiumm*.  •^  otto.3  iiai>ir  t<  au:rT:-:ir  n 
owiiii:  T«  i!r  imiair.  i)n)iK?nitr: .  aia  mii^'  Utervi.-r-  !♦•  mv-sr  tt-.u  tai- 
lioi.  i»;^  lilt  Dh^utL.  o'  i»r?rii:nT  *r  i-ne'  am*ii-(  rvrifKi-emii^^. 
AiHinioi  ?H  fstjioim.  ihtuts  ati-sr  tjui3::ii'  iiia:  dyvhuoji^-  *.  y,,  .m^-:rML 
T<  it  admxui?traiioi..  ii  reii-?ra.  r  ni:r  m  |^Iat*-l  tna*  oumiitr  rr  'Cr-si 
creditfc;  win.  man;^  disiiavaiituirrr  T.iii-i  r  a'»ftr  n,-,:  rn'sssefti.  ant  toc 
it  oasfe-  o:  maiarix..  ii  wniji   r  i>  iira-tiGalj-^  Trillion:  i.  nva.  crsuiSr 
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Ijr  the  most  proDounoed  idiosyncrasy  can  justify  withholding  it. 
cases,  as  io  septic  fever,  it  may  be  a  qiifstion  whether  it  does 
ivate  the  oondition  when  it  is  administered  to  very  weak 
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mv.    THE  ANTIPYREflOS.    (AOETANIUDE  AND 
AMTIFTEINE   SEBIES.) 

antipyretics  are  a  very  recent  addition  to  therapetitics,  the  old- 

this  group  now  in  use  datin^j^  only  from  1884,     Up  to  1875  the 

'  mesms  of  combating  high  temijerattire  were  baths,  ve^etahlc  alka- 

ftuch   as  quinine   and  aconitine,  or  alcoliolic  preparations,  but  in 

»r  Buss  discovered  that  salicylic  acid  produced  a  fall  in  the  fever 
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temperaturej  aud  soon  afterwards  carbolic  acid  and  resorcin  and  its 
isoraers  were  iutroduced  as  antipyretics.  In  tlie  meantime  it  had  been 
shown  that  quinine  is  a  quinoline  derivative^  and  quinoline  itself,  as 
well  as  S4]ime  of  its  simpler  conqwnnds,  were  found  to  have  powerful 
antipyretic  properties,  Quinoline  (C^H^N)  was  soon  found  to  be 
dangerous  from  its  pnxlucing  collapse,  but  its  derivatives  KairiM 
(C,H/OH)N  ^  C,Hj,  Kairolim  (C,H,(CH3XOH)NH)  and  TfiaUm 
(C^H^(OCH3)NH)  were  used  extensively,  although  they  have  now  been 
almost  entirely  abandoned*  In  tact  the  only  quinoline  bodies  now 
used  as  antipyretics  are  Atutlgen  and  Tltermifugifie^  which  are  still  pre- 
scribed to  a  limited  extent. 

A  new  aotipy relic  was  introduced  in  1884  under  the  name  of  Anti- 
^gjrme,  wliicli  is  derived  from  phenyl  by  dramie,  by  a  series  of  reactions 
^andTias  proved  superior  to  all  of  the  earlier  drugis.  PhennUiydrazlne 
(C^H^  ■—  NH  —'XHj)  product  a  fall  in  the  fever  temperature,  but 
this  is  frequently  accompanietl  by  collapse  and  changes  in  the  blood, 
whicli  prevents  its  use  in  medicine.  Several  of  the  simpler  compounds 
such  as  Fyvodim  (acctylphenylhydrazine)  and  Anikhcnmne  (phenyl- 
hyilnizinc  and  Igevulinic  acid)  have  received  a  more  or  less  extensive 
trial  as  antipyretics,  but  have  proved  dangerous  and  inferior  to  An- 

tipynnr,  phcnyl-diraethylpyrazolonj  C^H^  —  N  <pQ      ^_^^  pW     ^ 

The  latter  is  still  very  largely  used  as  an  antipyretic,  either  in  its  orig- 
inal form  or  as  a  constituent  of  numerous  combinations  whicli  have 
been  introduced  of  late  years.  Among  these  may  he  mentioned  Rem- 
pi^rine  (resorcin  and  antlpyrine),  Hypnal  (chloral  and  antipyrine), 
SaUpyrlne  (salicylic  acid  and  antipyrine), 

Antipyrine  early  found  a  rival  in  Antifebrme  or  AcetaniliiJe  which 
was  advised  as  an  antipyretic  in  188G  by  Cahu  and  Hepp,  Aniline 
(CgHjNH^)^  fmm  which  it  is  derived,  has  also  some  action  on  the  tem- 
perature, but  like  phenyl  hydrazine  produces  dangerous  collapse  and 
destruction  of  the  blood  cells.  Acetauilide  (CgH^XHCOCHJ,  the 
first  of  its  derivatives  to  be  introduced,  is  not  entirely  devoid  of  this 
poisonous  action,  and  has  been  supplanted  to  a  considerable  extent  by 
more  complex  and  less  poisonous  brxlies.  One  of  these,  Exalgine 
(C^H^XCHjCOCH,^),  differs  from  antifebrine  only  in  possessing  a  methyl 
group  in  the  side  chain,  and  seems  to  resemble  it  closely  in  its  effects. 
Another  which  enjoyed  a  short  trial  is  Beazanilide  (C^H,^NHCyH^O)  in 
which  the  acetyl  radicle  of  antifebrine  is  replaced  by  Iw'nzoyl.  It  was 
soon  found  that  both  aniline  and  antifebrine  underwent,  a  partial  oxida- 
tion in  the  body,  with  t!ie  formation  of  amidophenol  or  its  derivatives, 
and  the  belief  that  the  antipyretic  effects  were  due  not  sty  much  to  the 
original  substance  as  to  these  oxidation  products  led  to  the  introduc- 
tion of  numerous  derivatives  of  pnraraidophenol  lC^,H^<^^  1.     This 

body  has  antipyretic  properties  but  suffers  under  the  same  disad- 
vantages as  aniline.  Among  its  derivatives  the  most  satisfactory 
antipyretics  are  those  in  which  the  hydrogen  of  the  hydroxyl  is  sub- 
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sittated  bv  aa  alkyl,  while  an  acid  radicle  is  added  to  tlie  amido- 
ndide.     The  first  of  its  compounds  to  be  introduced  was  Phenacetme 

IC^H^<:^^^,  ^         ^1  which  differs  from  antifebrine  only  in  the  addi- 

jn  of  ethoxyl  in  the  para  position.  MdlmceUne,  which  resembles 
benacetiQe  in  all  points  save  in  methoxyl  being  SLibstituted  for 
boxyl,  appeared  about  the  same  time.  PlienacetiDe  was  found  to  be 
ittch  leas  danirorouij  tluui  acetanilijle  and  antipyrine,  and  has  therefore 
largely  us»ed,  and  has  been  follawea  by  other  bodies  which  are 
identical  with  it,  except  in  the  acid  mdiele  attached  to  the  nitrogen, 
^— Among  these  phenetidinea  may  be  mentioned  Duityphenlnt  (lactyl- 
^MheQetidine),  Mcdakine  (!5alicylphenetidiiie)  and  i^iliphea  and  *Stt/o- 
^ftA^'n,  which  contain  similar  constituents,  Apolijmne  and  < 'itroplier^ 
^■citryUphenetidtneX  Kri/ofine  fraethylglycolic-phenetidine)  and  Pheno- 
^^M^glyoocoU-phenetidine),  with  its  compound  with  salicylic  acid,  iSo/o- 

Several  urethane  derivatives  have  also  received  a  trial  as  anti- 
^Dyretics,  among  them  being  Enphortrw  (phenyl urethane),  which  is 
^Somewhat  poisonous,  however,  Uiermmilm  (phenacetine-urethane)  and 
^■Wuro^/iae  (acetoxyphenyl-urethaae). 

^K^  With  the  exception  of  antipyrine  and  the  qoinoline  comiwund^,  all 
^^Hto  antipyretics  at  present  in  use  probably  owe  their  activity  to  the 
^HDftnation  of  simple   derivatives    of   paraniidophenol   in    the   tissues, 
^niid  dilFer  ehielly  in  the  rapiility  with  which  this  decomposition  occurs, 
A    rapid    formation    of  paramidophenol    produces    destructive  l)k^od 
B«bang^  and  a  tendency  t^>  collapse,  while  the  antipyretic  eftects  pass 
^Kiff  very  rapidly,     Tliose  drugs  are  found  the  most  satisfactory  anti- 
^fcyretics  in  which  the  dccomi)Orfition  proceeds  gradually  so  that  the 
Htempemture  falls  slowly  and  remains  low  for  a  longer  time.    The  sim- 
pler antipyretics,  such  as  antifebrine,  have  given  way  largely  therefore 
ta  the  phenetidine  compounds**     Among  these  it  is  impossible  to  deter- 
milie  the  most  suitable  antipyretic.     The  question  is  a  purely  clinical 
one,  and  thc«e  drugs  are  thrown  on  the  market  in  such  profusion  at 
the  present  time  that  clinical  observers  are  unaWe  to  compare  their 
effects  satisfactorily,  and  in  many  cases  seem  satisfied  to  use  one  ex- 
Hdusively.    Where  the  mt^rits  seem  so  equally  dividetl^  it  is  |>crhai>s  more 
^■mportant  to  learn  to  use  one  of  them  widi  judgment  tlian  to  hurry 
^nfter  each  new  pr^iduct  without  sufficient  experience  of  its  pre^lecessor, 
»     Sjrmptozas. — ^The  most  interesting  effect  of  these  drugs  is  the  de- 
ptttsion  of  the  body  temperature  in  fever,  and  in  many  other  respects 
^^h^ action  is  not  very  definitely  known  at  present.     They  are  by  no 
^^^Kb  ver)"^  poisonous,  normal  animals  showing  no  reaction  to  doaes 
^nrhich  are  sufficient  to  cause  marked  changes  in  fever*     In  the  frog, 
^-A^teninjfl^causes  an  increase_iu  the  reflex  irritability,  which  sometimes 
Ifftdi  till  t4itauic,cQnvukkma  and  is  followed  by  depression,  loss  of  the 
voloDtary  movem<^iUa  and  eventually  by  complete  paralysis  mm*!  (Ir:itli, 

•For  »  detailed  disciiw^ion  of  these  principles  sec  V.  Mrrin^,  Theraj*.   Monatfth. 
lS98i  p,  577,  and  Hin^try  <t  IWupei,  Arch.  f.  ex  p.  Palli.  u.  PhaniL|  xxiiii.,  p.  216^ 
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In  mammals,  its  injection  is  followed  at  first  by  a  period  of  quiet 
Bometimes  of  somnolence,  which  is  said  by  some  authors  to  occur 
in  the  frog  previous  to  the  increase  m  the  reflex  irritability 
ri^e  in  the  redex  irritability  may  l>e  made  out  in  the  mammal  at 
stage,  and  large  doses  cause  convulsions  and  tremorsj  and  subseijui 
nncon^eioiisnes^  and  collapse,  ending  in  coniplete  paralysis.     The 
is  accelerated  by  small  doses,  while  in  the  later  stages  of  poisoDil 
may  be  slow,  and  suiae  dilatation  of  tlie  skin  vessels  and  flushing 
been  observed.     The  respiration  is  at  first  accelerated,  and  theo 
corned  slow  and  irregular  when  large  doses  are  injected.     In 
vomiting  and  dilatation  of  the  pupil  geierally  occur. 

Antifebrine  is  more  poisonous  than  antipyrine  in  both  frogs 
manmials,  Imt  resembles  it  in  its  general  effects,  producing  first  a  motr 
or  less  marked  stage  of  lessened  activity,  followed  by  convulsive  moTe- 
ments.  The  respiration  is  not  so  much  accelerated  as  by  antJp}Tio«^ 
and,  according  to  some  observers,  is  slow  fn>m  the  beginning  of  theao- 
tion.  The  heart  is  firet  accelerated  and  then  slow  and  irregular,  and 
cyanosis  and  collapse  are  more  fre<juently  observed  than  under  mA^ 
pyrine,  Pifijaacetuie  and  its  allies  are  much  less  poisonous  than  tk 
two  foregoingj  but  in  large  quantities  produce  almost  identical  eflects— -■ 
somnolence  tblbwed  byconvulidons,  cyanosis  antl^  collapse  &vm])tom^ 
first  rapid,j!jen  slow  resjjti  rat  ion  jind_Jieart.  Analgen,  \vBIcirmay  te 
taken  as  a  tyi>e  of  the  qoinoline  derivatives,  acts  in  a  very  similar nir 
to  the  others^  and  is  more  toxic  tlian  phenacetine,  and^  according  to 
some  writers,  tlian  antipyrine.  Some  depression  of  the  s}K}ntaiieotls 
movements  and  of  the  rtJlexes  is  descrilial  as  following  its  admiiuh* 
tratiou  to  mammals,  and  large  doses  produce  convulsions  and  cy 
Lactopkeidne  is  said  to  have  a  more  sedative  effect  than  the  other 
tipyretics,  and  to  induce  complete  narcosis  in  the  rabbit. 

The  Effectfl  of  the  antipyretics  in  Man  varj^  exceedingly,  not 
with  the  dose  but  with  t lie  individual  patient.  Many  persons  can 
very  large  doses  without  apparent  effect,  while  in  others  oomparativdy 
minute  quantities  produce  symptoms  of  greater  or  less  importance.  The 
effects  are  not  always  the  same  even  iu  one  individual  under  the 
same  dose  of  the  antipyretic,  and  it  is  impossible  to  state  at  preseut 
what  are  the  conditions  that  involve  the  peculiar  tniin  of  symptoms. 
A  very  large  number  of  disorders  have  l>een  attributed  to  the  anti- 
pyretics in  man,  but  it  is  impossible  to  consider  any  here  except  ihoee 
more  commonly  observed.  Among  these  are  skin  eruptiorm  of  varicrt» 
formSj  such  as  red,  eiythematous,  itching  patches  or  more  widely  dif- 
fused hyperremia  resembling  the  onset  of  measles  or  scarlatina;  arti- 
caria  occurs  not  una^mmonly,  while  eczema  and  bullae  are  rarer,  lo 
some  cases  an  (edematous  swelling  has  hec*n  observed.  Some  Jtftt 
oceasidnally  accompanies  the  eruption  and  renders  the  diagnosis  froni 
the  infectious  exanthemata  even  more  <hfficult.  These  skin  affeciioos 
seem  to  he  elicited  more  frequently  by  antipyrine  than  by  antifebrine 
and  the  plienetidine  coni|*ouuds.  They  have  been  attributed  to  dilata- 
tion of  the  cutaneous  vessels,  but  this  in  itself  is  insufficient  to  eipldii 
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Appearance,  although  it  may  be  a  favoring  ojoilition*  Profuse 
lion  not  infrequently  follows  the  use  of  the  autipyreticts  in 
r,  and  if  the  fall  in  temperature  be  rapid,  and  the  action  of  the 
off  soon,  the  subsequent  rise  of  temperature  may  be  accom- 
by  Mvej^ing  and  rigor,  but  these  symptoms  are  scareely  to  be 
itd  uptin  as  direct  effects  of  the  drug,  but  rather  as  resulting  from 
rapid  changes  in  temperature.  They  are  pmduced  much  more 
inently  bv  the  older  and  simpler  antipyretics  than  by  those  of  more 
at  iotroductioD.  i 

ometimes  catarrh,  burning  and  swelling  of  t/ic  throat  and  mouth  are 
ervf?d  after  antipyrine,  and  more  rarely  nuiij^ea  and  mmltlng,  (Jerehral 
orna  are  rarely  elicited  beyond  slight  dulness,  confusion  or  apathy. 
itions  of  the  bearing  similar  to  those  described   under  quinine 
been  ohser\'ed  in  some  cases.     More  serious  symptoms  are  those 
\eoiiafPfe,  which  are  occasionally  produced    in  susceptible   persons, 
ly   by  large   doses*      Autifebriue  is  much   more  liable  to  elicit 
» than  antipyrine,  which  in  turn  is  moi-e  dangerous  than  phenacetine 
I  the  other  plienetidine  derivatives.     In  the  milder  <mses  of  collapse 
I  skin  IS  cool,  the  pulse  is  rather  small  and  rapid,  and  some  anxiety 
1  alarm  is  felt  by  the  patient,  but  the  condition  p^isses  off  in  a  short 
In  more  severe  cases  the  skin  is  cold  and  covered  by  a  clammy 
Bpiration,  tlie  heart  is  weak,  irregular  and  s^:jmetime.s  fluttering,  the 
a|ieratare  may  be  subnormal  and  the  pupils  are  slightly  dilatt^l. 
patient  may  l^e  conscious,  fainting  may  occur,  or  an  apathetic, 
ifosed  condition  may   be  produced.     The  weakness  of  the  heart   is 
edaief  souree  of  anxiety,  and  the  total  failure  of  the  circulation  seems 
I  be  the  cause  of  death.     These  cases  of  collapse  occur  more  frequently 
1  a  rapid  fall  of  temperature  has  been  produced  than  under  other 
umatances,  but  may  be  observed  in  cases  in  which  no  fever  has 
I  present. 

Marked  c^ano^l^  occurs  occasionally  inider  all  the  antipyretics,  but 
'  frequently  under  antifebrine  and  the  earlier  members  of  the  series 
an  under  antipyrine  and  the  phenetidiue  comiK>unds.  Its  cause  is 
aib^ facto rily  explained  as  yet.  Aeciirding  to  some  observers  it 
'  to  the  formation  of  methsemoglobin  in  the  blood,  but  although 
nay  often  be  a  contributing  factor^  it  is  not  the  only  cause,  for 
eis  has  been  observed  in  cases  in  which  no  meth hemoglobin  waa 
oed,  and  it  is  much  more  intense  than  tlint  caused  by  the  formation 
'  tbe  same  amount  of  methremogiobin  by  other  poisons.  It  is  often 
iOnxnpiinied  by  dyspnrea  and  acceleration  of  the  pulse,  and  it  lasts  for 
"Varying  length  of  time,  sometimes  passing  off  in  a  few  hours,  at  other 
bmf*  persisting  for  several  days. 

Oo^isionally  a  certain   tofernnm  is  gained,  and   lai^er  dose.«i  of  the 

']ii  ivretics  are  required  to  produce  effect  than  w^ere  necessary  at  the 

^'^gmuing  of  the   treatment.     A   few  cases  of  chronic  poimnrng  are 

t^rfecl  from  the  habitual  use  of  these  drugs  in  neuralgia.     The  symp- 

">ted  in  disturbance  of  the  digestion,  tremor,  excitability  and 

.  and  disappeared  wdien  the  drug  was  given  up* 
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Action.  ^—  Tiie  action  of  these  drugs  oa  the  various  oi^ns  is 
imperlli'ily  understocKl.  They  are  generally  supposed  to  have 
depressant  effect  on  the  Nerve  Oentres,  a^  is  shown  by  the  I 
movemuuts  aod  slight  soranolejice  produced  in  man  and  animals. 
effect  is  very  slight  in  inauy  cases,  however,  aod  it  seems  ini[ 
to  suppose  that  the  action  is  in  any  way  comparable  to  that  of  the 
narcotics,  for  eerebnil  action  may  be  induced  by  small  doses  whieki 
not  appareutly  influence  the  mental  activity.  Thus,  neuralgic  pai 
often  relieved  by  the  antipyretics  without  cauiiing  somnolence  or 
appreciable  depression,  and  it  would  therefore  appear  that  if  the  oi 
nary  doses  influence  the  activity  of  the  nerve  cells,  they  must  do  m 
to  a  very  slight  extent,  or  perhaps  their  action  may  be  confiued  to  £OflKl 
special  areas  of  the  brain.  Most  of  the  antipyretics  increase  the  ex- 
citability of  the  spinal  cord  at  first,  and  tliis  may  lead  to  convubioni 
in  the  frog.  The  origin  of  the  convulsions  in  mammals  is  still  som** 
what  doubtful  ;  in  general,  they  seem  to  be  of  cerebral  origiDf  bal 
when  large  quantities  are  injected,  they  are  seen  even  when  the  epiw^- 
cord  is  divided  from  tlie  brain,  so  that  the  cord  appears  to  be  thrown 
into  a  condition  resembling  that  discussed  under  strychnine  poisomng. 
In  considering  the  cause  of  these  convulsions  p€Thaps  too  little  weigkl 
has  been  laid  by  some  writers  on  the  changes  in  the  blood,  respiration 
and  circulation,  for  it  is  possible  that  the  convulsions  in  some  crises  ait 
asphyxial  in  chamcter,  and  not  due  to  tlie  direct  action  of  the  poisons 
on  the  brain.  In  ordinary  poisoning  the  periplienil  Nerves  and  nen'e 
ends  do  not  seem  to  be  seriously  involved  and  the  final  jmralysis  in 
bt>th  frogs  and  animals  is  undoubtedly  centraL  Santesson  found 
that  aotijjyriue  tended  to  increase  the  power  of  the  frog's  Muscles,  mi 
several  observers  have  noted  that  the  nerves  and  motor  terminatioo* 
are  paralyzcil  by  the  direct  application  of  this  drug,  Antipyrine  has 
some  effect  as  a  local  auEesthetic  when  applied  to  the  mucous  membranesw 

The  Heart  in  tlie  fn>g  and  mammals  is  first  accelerated  and  tJigo 
slowed  by  the  antipyretics  in  genend,  these  alterations  being  entirely 
inde^ndent  of  the  inhibitory  mechanism  and  due  to  a  direct  effect  oo 
tlie  cardiac  muscle.  The  increased  rhythm  of  the  heart  leads  to  a 
slight  rise  in  the Idood-pressure,  wIhcIi  sinks  again  as  the  pulse  beoomes 
slower.  There  is  no  satisfactory  proof  that  the  vaso-motor  centres  are 
involved  in  the  rise  of  pressure,  although  it  is  not  unlikely  that 
they  undergo  a  primary  stimulation  at  the  same  time  as  the  respiratory 
centre*  The  vessels  are  said  to  be  dilated  by  the  perfusion  of  autipy- 
rine  solutions,  but  it  seems  improbable  that  this  plays  aiiy  role  in  or^ 
dinary  methods  of  application. 

Most  of  this  series  except  antipyrine  and  its  compounds  tend  t4> 
cause  alterations  in  the  Bed  Blood  Cells  when  they  are  given  in  hr^ 
quantities.  This  action  is  manifested  especially  by  the  simpler  IxkIic* 
of  the  series,  and  is  still  more  markeil  in  poisoning  from  aniline,  phenyl- 
hyilraziue,  paranndophenol  or  qui  noli  ne.  On  the  other  hand,  m«5t 
of  the  phcnetidine  ciimpounds  prmiuce  it  much  more  rarely,  and  anti- 
pyrine seems  devoid  of  this  action.     The  alteration  consists  in  the 
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idon  of  metlisBinoglobin,  whi^li   may  be  readily  detected  by   its 
eristic  spectrosojpic  at>i)earance.     Small  qmmtities  of  the  anti- 
tics  cause  \is  formation  witliin  the  blood-eel k,  which  remain  intact, 
,  larger  doses,  especially  of  the  more  jjoisonous  members,  destroy  the 
ted  blood  cells  and  free  the  methiemoglobin  in  the  plasma.     In  the 
various  distorted,  shrunken  red  cells  may  be  observed,  often  en- 
Jv  devoid  of  coloring  matter,  while  part  of  the  mellucmoglobin  seerns 
iipe  through  the  kidneys,  and  nephritis  occurs  in  some  cases  with 
aiQy  haemoglobin  and  even  blood  in  the  urine.     This  effect  on  the 
seems  due  to  the  decern pij^^ition  of  the  antipyretics  and  the  flood- 
[  of  the  tissues  with  paramidophenolj  or  the  corresponding  quinoline 
ivativo.     This  decomposition  proceeds  more  slowly  in  phenacetine 
it!5  allies  and  is  absent  after  antipyrine,  which  explains  the  rarity  of 
I  s(>unptoms  after  these  drugs.      When  tlie  antipyretics  are  added  to 
"  outside  the  body  no  metluemoglobiu  is   formed.     Whether  the 
Ipler  bodies,  such  as  paramidophenol,  are  ccjually  inert  in  the  test- 
is unknown. 

Jl  of  the  antipyretics  have  some  AEitiaeptic  action,  which  varies  in 

i  different  members  with  their  solubility  ami  stability*     Antipyrine 

und  to  prpsprvp  blotxl  jVrim  p^itrpllif*fiQp  for  some  days  when  added 

Fit  BO  as  to  form  a  solution  of    2—5  per  cent.     Watery  solutions 

this  strength   destroy    protozoa  and   stop  the  movements  of  the 

jrtes,  but  autipy relics  administered  to  tlie   higher  animals  have 

[5udi  effect  on  the  emigration  of  tlte  leucocytes  from  the  vessels  as  is 

en  UD<ler  quinine. 

I  The  action  of  the  antipyretics  on  the  Metabolism  of  healthy  men 
]  animals  has  been  the  subject  of  a  number  of  investigations  which 
)  given  by  no  means  uniform  results,  especially  in  regard  to  the 
en  elimination.       Aniipifnne  is   said   by   Umbach,    Hartmann, 
el,  and  Korner  to  lessen  the  urea  and  nitrogen  excreted  in  healtli, 
bot  this  diminution   is  c«  mi  para  lively  small,  and  the   exhaustive  re- 
sairches  of  Komagawa  failed  to  corroborate  their  statements,  for  he 
found  with  Coppola  that  antipyrine  in  either  small  or  large  quantities 
I    Moo  appreciable  effect  on  the  nitrogenous  metabolism  in  health. 
I    Tbe  ibsorption  of  oxygen  and  the  excretion  of  ear  In  mi  c  acid   is   un- 
cliaaged  by  it,  and  a  considerati^m  of  the  whole  of  the  evidence  leads 
^^tbe  conclusion  that  antipyrine  has  cither  no  influence  or  only  an  in- 
BlQificant  one  on  the  metaljolisin  of  the  healthy  tissues. 
■  Aniifehfine^  on  the  other  hand,  has  a  distinct  effect  on  the  nitrogen 
Bflniinated,  although  this  in  oidy  elicited  by  large  doses.     After  ordinary 
^uaotitie^  the  urea  antl  total  nitrogen  of  the  urine  may  be  slightly  aug- 
mented, bat  in  large  doses  antifcbrtne  causes  an  increase  of  30—35  per 
^bt.  in  these,  which  indicates  a  large  increase  in  tlie  tissue  waste. 
^pmi^w^a  found  that  after  the  administration  of  the  drug  had  ceased, 
H  organism  eci>nomized  its  tissue  waste,  sc»  that  in  the  course  of  time 
Uie  excessive  metabolism  during  the  antifebrine  treatment  was  entirely 
QMDpensated*     The  other  anitpip'eiim  have  not  been  examined  so  care- 
pM)\     Thalline  is  said  by  Kuraagawa  to  increase  the  nitrogen  elimi- 
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natjed  like  antifebrine,  while  some  others  have  been  said  to  legsen 

metabolism  in  health,  but  these  statements  require  confirmation, 
regardri  the  oxidation  in  the  tissues  as  meiiisured  by  the  excliange  of^ 

I  gases  in  the  lungs,  the  antipyretics  have  not  been  shown  to  have  any 
effect  in  heakljy  animals. 

The  excretit>n  of  uric  acid  under  the  antipyretics  has  also  been  the 
subject  of  ejcami nation.      According  to  Kumagawa^  Tatiszk  and  Vas 

,  it  is  increased  by  antipyrine,  but  Horbaczewsky  found  it  dimini.shed  to 

fflome  extent,  while  the  number  of  leucocytes  in  the  blood  was  increased. 
He  con.siders  it  prolmble  that  both  antipyrine  and  antifebrine  increast'^ 
the  uric  acid  when  giveu  in  large  quan titles,  but  Tauszk  and  Vas  state 
that  antifebrine  has  no  effect  on  the  uric  acid  excretion  in  health.  The 
flyoogen  of  the  liver  and  muscle  is  increiised  by  antipyrine  according  to 
recent  stiitement  of  Lepine  and  Porteretj  and  Iwanoff  has  desoribed 
some  obscure  changes  in  the  liver  cells  of  the  frog  under  antipyrine. 

The  s^ecLJiG  effects  of  the  antipyr^  t^^^  f>T>  ^*^^^  *pAmparQf.nr*.^  while  rec- 
ognized by  all,  have  been  the  subject  of  endless  discussion,  owing  to 
the  complex  mechanism  through  which  they  are  elicited.  In  the  nor- 
mal animal  the  temperature  is  but  little  altered,  except  by  doses  large^ 
enough  to  produce  a>!lapse,  but  when  it  is  abnormally  high,  as  in  fever, 
the  antipyretics  cause  a  fall  of  greater  or  less  extent.  This  fall  in  tem- 
pera tore  occurs  at  varying  intervals  after  the  ingestion  of  the  drug,  but, 
except  in  refractory  cases,  always  begins  within  !2-3  hours.  Its  extent 
varies,  the  temperature  sometimes  reacliiiig  the  normal  or  even  a  sub- 
normal point,  while  in  others  the  change  is  insignificant.  Continuous. 
fever  without  any  natural  rise  and  fall  is  much  less  affected,  as  a 
general  rule,  than  one  with  alternate  rise  and  fall  of  the  temj>erature, 
and  in  the  latter  form  the  result  is  much  greater  if  the  drug  be  given 
at  tlie  lieginning  of  one  of  the  natural  remissions. 

The  fall  in  tem|>eniture  is  often  accompanied  by  flushing  of  the  skin 
and  perspinition.  The  oxygen  absorbed  and  the  carimnic  acid  excreted 
are  lessened,  and  the  urea  and  nitrogen  of  the  urine  are  also  dimin- 
ishofJ  after  antipyrine,  while  they  are  not  infrequently  increased  after 
antifebrine,  especially  when  administered  in  large  qujm titles.  The 
heart  is  often  reduced  in  rate,  and  the  pulse  improves  in  strength,  but 
these  changes  are  due  to  the  fall  in  the  temperature  and  not  to  the 
direct  action  of  the  drugs.  S*>me  remedies  owe  their  antipyretic  pmp- 
ertics  to  their  increasing  the  secretion  of  the  sweat  glands,  hut  although 
perspiration  not  infrcfpieutly  occurs  during  tlie  fall  of  temperature  under 
the  new  antipyretics,  this  is  merely  a  secondary  result  here,  for  when 
the  pcrs  pi  ration  is  cheeked  by  atropine  or  agaricin,  the  fall  of  tempera- 
t u  re  p r<  )C  eeds '  u  n  i  n  te  r r u  p  ted  1  y . 

The  temperature  in  healthy  warm-blooded  aninials  is  kept  uniform 
through  a  balance  being  estal>lislied  bet\veen  the  heat  formation  and  its 
dissipation  through  the  lungs,  skin  and  other  organs.  If  an  excessive 
formation  occurs,  as  during  muscular  exf^rtimi,  this  is  counterbalanced 
by  an  increase  in  the  output  from  the  skin  through  the  dilation  of  the 

^  vessels  and  by  the  perspiration.     If,  on  the  other  hand,  more  heat  is 
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Ipated  than  nsual  through  expostire  to  cold,  the  eombiistioii  of  the 
is  increused  and  more  heat  is  formed.  The  output  of  heat  is 
determined  by  the  degree  of  dilatation  of  the  cutaneous  vessels  and 
activity  of  the  sweat  glands,  while  the  amount  of  heat  formed  varies 
the  voluntary  and  involuntary  contractions  of  the  muscles.  In 
to  preserve  a  balance  between  these  two  factors,  there  must  exist 
urdinatlng  mechanism,  and  this  is  supposed  to  be  located  in  the 
ganglia  of  the  cerebrum,  in  the  region  of  the  corpus  striatum. 
ms  in  this  neighborhmid  genemlly  ciiuse  a  very  marked  rise  in  the 
ipemture,  often  without  further  disturbance,  and  it  is  of  intei'est  to 
that  as  long  as  the  cerebrum  is  intact,  shivering  is  produced  by 
1,  while  afler  the  section  of  the  peduncles  the  animal  offers  no 
stance  to  a  fell  of  temperature  produced  by  cooling  of  the  surface, 
facts  might  also  be  adduced  to  show  that  in  the  normal  ani- 
the  temperature  is  kept  uniform  by  this  coordinating  mechanism ^ 
cootroU  both  the  output  of  heat  through  the  skin  and  it^  for- 
by  the  contractious  of  tlie  skeletal  muscles.  In  many  indi- 
luals  this  coordiuatioQ  is  not  perfect  in  health,  and  in  all  it  may  l>e 
ifganized  by  pois<3ns,  such  as  those  formed  in  fever.  The  more 
perfect  the  ooordiaation,  the  smaller  is  the  divergence  from  the  normal 
temperature  necessary  to  elicit  a  protective  increase  in  the  combustion 
or  in  the  dissipation*  The  efficiency  of  tlie  mechanism  may  therefore 
be  measured  by  observing  what  fall  of  the  body  terai>erature  occurs 
before  shivering  sets  in,  wliat  rise  produces  dilation  of  the  cutaneous 
Tesels  and  perspiration.  In  this  way  it  has  been  found  that  during 
fever  the  eooi'dination  is  quite  as  perfect  as  in  health,  but  that  the  pro- 
tective reactions  are  induced  at  a  higher  temiierature.  Thus,  Richtcr 
ind  ihat  a  normal  dog  (temperature  '*Mf^Ay^  C.)  protected  itself  by 
livering  when  its  temperature  was  reduced  by  cold  to  37.9°,  while 
►foae  perspiration  broke  out  when  its  temperature  was  raised  to 
'J*.  The  same  dog  suffering  i>om  fever  (tcm|>erature  40,4'^  C.) 
!ted  by  shivering  when  Its  tempemtui'e  was  re<luccd  to  40,2°  and 
perspiration  when  it  rose  to  40.9°.  The  coordination  is  not  de- 
lved or  paralyzed  by  fever  therefore,  for  it  is  in  this  c«ase  more 
isitive  to  alterations  of  the  body  temfwrature  than  in  the  normal 
imaL  The  s;mie  measures  are  taken  to  preserve  a  uniform  temper- 
as in  health,  but  tlie  temperature  maintained  by  these  means  is 
If  a  comparison  be  made  with  the  thermostat  of  the  labora- 
fj,  it  may  be  said  that  in  fever  the  mechanism  is  **  set "  for  a  higher 
iperature  than  in  normal  life,  hut  that  the  apparatus  act**  efficiently 
each  temjjerature*  This  higher  temperature  is  maintained  l>y  an 
increased  metabolism  or  heat  formation,  and  also  in  most  cases  by  a 
loaBeoed  dissipation.  The  fever  temperature  itself  seems  to  increase 
the  metabolism,  the  tissues  undergoing  more  rapid  waste  under  it  than 
wi  normal  conditions.^ 


'  [t  must  not  be  supposed  from  the  rorep:oing  stAteinents  that  fc^er  con^istA  onlj  in 
^ilteniiiaa  of  the  noroial  tempernture.  This  is  only  one  of  the  syinpioms  produced 
^t^poiioiiB  of  fever,  but  is  the  only  one  aliected  by  the  autipyretics. 
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atioDS  effected  in  the  heat-regolatiug  ner%^oiis  meoluinism,  which  rcso 
lowering  the  p*»int  at  which  the  temperature  i,s  maintained.     As  a  i 
quence  of  this  action,  a  great  increase  ia  the  dissipalion  of 
occur  in  order  to  free  the  body  from  the  warmth  which  it  has  { 

lated,  and  this  increased  ou 
is  attained   by  dilatation  of] 
cutaneous  vessels*      The 
action    of    the     antipyreticsl 
pmbably  situated  in  the 
the  cerebrum. 

The    precise    nature  of 
changes  wrought  by  the  andj 
retics  in  the  coordinating  me 
an  ism    is    unknown.       GottJ 
and  Ha  mack  suggest  that 
depressed    by    them    and 
would   accord  with   the   wid 
held  idea  that  fever  tempemti 
is  due  to  some  form  of  brain  J 
ritation;  but  their  reasoniJ 
open  to  objection,  and  sp 
tion   seems    useless    until 
is  learned  regarding  the  nor 
function  of  this  organ. 

When  the  temperature  is  i 
pressed    too    rapidly    by 
remedies,  a  condition  of  colL 
is  often  produced^  while  in  otl 
eases  the  loss  of  heat  caused  | 
tlie  dilatation  of  the  skin  vessels  seems  to  be  excessive,  and  shi\' 
and  rigtjr  folhiw  in  order  to  increase  the  production. 

When  the  temperature  has  reached  the  new  point  fixed  by  the  \ 
dination  under  the  influence  of  the  antipyretic,  the  heat  disdpali 
rapidly  dimiuishes  and  may  become  less  than  normal,  because  the  i 
tem|>erature  is  maintained  at  a  constant  point  by  the  same  mechaDii 
as  the  normal. 

The  antipyretics  are  rapidly  absorbed,  and  as  rapidly  Excreted  1 
the  kidneys,  so  that  they  disappear  from  the  body  within  24-30  1 
after  their  administration. 
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A       F    I  S  3  ^     B 

CtirTfl  of  the  itilemft]  Icmpemtare  (unbroken 
ane)  nod  of  lb«  slLia  teinperttture  (dotted  line)  in 
lbv«r  trwued  with  Kntip^rHnc  >:  riixienthal  K  The  »b* 
•dna  AB  npreseutj  \h^  time  Id  boui^,  the  verticat, 
AC^  the  teeipermlure  t>niiKrade.  At  P  antipTrine 
waf  fCiTan,  nod  the  skin  tenuierature  ro9«  st  ODce 
(muf^Lneiited  beat  outnut>.  The  itttemal  tempera^ 
tur«  »ooQ  begsn  to  fall,  UDd  after  it  had  readied  a 
oenaib  iioiDt^  the  skin  temperatvii«  fell  a^gaia  as  tJbe 
capJUades  coQtraet«d. 


The  iiite  of  atitipyrine  seems  to  differ  in  different  animals  la  the  i 
is  found  to  he  pttrtially  oxidizetl  to  oxyantipyrine  which  is  excreted  fat 
urine  ia  combination  with  glycuronic  and  sulphuric  acids.  Ia  others  iii» 
said  to  be  excreted  in  the  urine  unchanged.  Antifebrine  undergoes  a  pAftial 
oxidation «  the  final  product  differing  in  different  animalB.  but  none  of  lJ» 
original  body  appears  in  the  urine  except  after  vei^-  large  dosea.     In  man  H 

C^H^<"        ^^    j  ajid  as  paramidopheool 

or  another  of  its  compound's  both  being  in  combination  with  sulphuric  and 
glycuronic  acids.     In  the  rabbit's  urine  paiamidophenol  alone  is  found,  whii« 


ACETASIUDE  AND  ANTIPYRINE  SERIES, 


383 


nrheo   removed  from  the  hot-house  temperature  to  which  they 
beeD  exposed  previously.     It  must  be  added,  however,  that  Bome 
ers  hold  that  the  fall  in  heat  foromtion  is  tioo  great  to  be  explained 
this  way,  and  suppose  that  the  antipyretics  lessen  the  mmbtistioQ 
fc.rfc>U)ih  sfime  other  action,  but  not  by  aifecting  the  tissues  directly. 

It  has  been  stated  already  that  the  fevered  auimal  resists  any  change 
c^  it^-ii  tempeniture  in  the  same  way  as  the  uf>rmal,  and  it  might  there- 
»rt  be  expected  that  when  the  temperature  is  reduced  by  antipyretics 
orgjanism  would  at  once  increase  its  heat  formation-  The  fact  that 
daf*3  nut  occur,  but  that,  on  the  contrary,  the  metabolism  is  les- 
indicates  that  some  further  cliange  occurs,  that  the  antipyretics 
not  only  reduce  the  temjK'raturc  by  allowing  the  heat  to  escape^ 
also  alter  the  condition  of  the  coordinating  mechanism  by  which 
tem^ieratare  is  kept  uniform.  To  return  to  the  comparison  with  a 
L^istat^  the  body  temperature  is  set  at  a  lower  point  by  the  anti- 
pyretics, while  it  is  set  higher  by  the  fever  poisons. 

The  action  of  the  antipyretics  ou  this  coordinating  centre  is  there- 
TOiv  of  interest,  and  has  been  examined  both  in  health  and  disease* 
In  healthy  men  the  temperature  does  not  undergo  any  niarkal  change 
Qndier  the  antipyretics  for  thougli  it  may  fall  a  few  tenths  of  a  degree 
ill  some  cases,  this  is  of  no  signilicant^e.  The  sensiti  vent^s  of  the  owrdi- 
nating  centre  is  increased  apparently,  however,  for  in  some  individuals 
rhora  hard  muscular  work  causes  a  rise  of  temperature  normally, 
is  absent  or  less  marked  after  the  autipyretics.  In  the  same  way 
rise  of  temperature  which  occasionally  is  caused  by  very  hot  baths, 
absent  or  diminished  when  aotipyrine  has  been  administered  pre- 
ly.  When  the  basal  ganglia  are  cut  off  from  their  connections 
the  lower  part  of  the  body,  neither  septic  injections  nor  antipy- 
i<a  have  any  effect  on  the  temi>ei'ature,  while  after  section  above 
basa!  ganglia,  fester  is  caused,  and  the  antipyretics  induce  the 
;1  fall  of  temperature  (Sawadowsky),  In  experiments  in  which  a 
fever  w^as  produced  by  lesions  in  the  neighborhood  of  the  ganglia, 
leh  found  tliat  the  antipyretics  reduced  the  tem[x]^rature  and  in- 
'  the  output  of  heat  to  a  marked  extent,  while  the  formation  was 
to  a  less  degree. 
Finally,  the  condition  of  the  centre  has  been  examined  l>y  Stem  and 
Riehter  after  the  temperature  had  been  reduced  by  antipyretics, 
Ttey  both  found  that  the  protective  mechanisra  svas  calleil  into  play 
^beo  the  tem{>erature  was  slightly  raised,  and  generally  when  it  was 
''pressed.  For  example,  a  fevered  dog  (temperature  40,9°  C)  re- 
?ed  a  dose  of  kairine,  and  its  temperature  was  reduced  to  37.G,° 
itempts  were  now  made  t<i  raise  the  temperature  by  external  he-at,  but 
animal  resisted  this  by  incrc^ising  the  output  as  soon  as  tlie  tem- 
ure  ro^  to  37.8°.  The  coordination  which  maintained  the  tera- 
ture  at  40.9°  before  the  drug  was  administered  now  attempted  to 
p  it  at  37.6°. 

The  results  of  these  researches  may  be  summed  up  shortly  as  fol- 
lows :  The  antipyretics  reduce  the  temperature  in  fever  through  alter- 


Jj 


386 


OBGANia  DRUGS  ACTING  AFTER  ABSORPTION 


fevers  the  antipyretics  have  mucli  less  tendency  to  lower  the  temperi- 
ture  than  id  others.  Thns  in  septidenaia  larger  doses  are  required  than 
in  typhoid  and  not  infreqnently  no  satisfactory  re<l  action  of  the  tempera- 
ture follows  the  administration  of  the  maximal  quantity.  Pneumonia 
is  also  said  by  some  writers  not  to  be  atfected  so  easily  as  some  other 
febrile  conditions  in  whieh  the  heat-regulatin|^  centre  appears  to  be  in 
a  less  stable  condition,  as  is  manifested  by  the  occurrence  of  large  spon- 
taneous variations  of  temperature.  The  reduction  of  the  temperature 
by  the  antipyretias  lasts  only  as  long  as  the  drug  is  present  in  sufficient 
quantity  in  the  hody,  and  accordingly  as  soon  as  sufficient  has  been 
exorettHl,  the  intoxication  of  the  regulating  mechanism  l>egin8  again,  and 
the  temperature  stMun  rises  to  its  former  height.  The  antipyretics  do  not 
act  on  the  cause  of  the  disease,  but  only  remove  one  of  the  symptoms, 
but  this  in  itself  is  not  an  argument  against  their  use,  as  is  apparently 
believed  by  some  writers,  because  as  long  as  the  physician  is  unable 
to  treat  the  caose  directly,  he  is  justified  in  taking  such  measures  as 
are  {xjssible  to  remove  the  symptoms^  rather  than  in  adopting  an  ex- 
j.>ectant  treatment,  pure  and  simple.  The  extensive  use  of  these  reme- 
dies shows  very  clearly  that  the  high  temperature  is  merely  a  symp- 
tom of  disease,  and  not  the  disease  itself,  and  the  question  has  been 
much  debated  as  to  whether  the  reduction  of  fever  is  in  any  way  bene- 
(iciaL  No  one  questions  that  some  antipyretic  measures  should  be 
taken  when  the  temperature  rises  so  high  as  to  form  a  danger  in  itself, 
but  their  u^e  in  ordinary  lever  cases  is  more  doubtful.  In  the  early 
days  of  treatment  with  these  remedies,  von  Jaksch  asserted  that  the 
antipynitics,  far  from  aiding  the  patient  in  fever,  prolonged  and  re- 
tarded convalescence,  but  this  does  not  seem  to  be  correct  for  the  less 
violent  modern  ones.  It  has  recently  been  shown  by  Sehutze  that  the 
use  of  the  antipyretics  does  not  retard  the  formation  of  the  protective 
substances  (antitoxins)  to  which  the  recovery  fix)m  fever  is  attributed, 
for  in  infected  animals  treated  with  enormous  quantities  of  antipyrine 
the  serum  displayed  the  same  agglutinating  properties  towanls  the 
bacilli  as  that  of  controls  which  were  not  subjected  to  any  medication, 
A  more  serious  argument  against  their  use  in  fever  is  that  the  course 
of  the  disease  is  less  readily  folio weil,  because  one  of  the  guiding  symp- 
toms—the temperature  variations  —  is  no  longer  dependent  solely 
upon  the  severity  of  the  intoxication  with  the  fever  poisons,  and  both 
diagnosis  and  prognosis  are  thus  rendered  more  difficult.  For  example, 
in  typhoid  fever  a  sudden  fall  of  temperature  often  gives  the  first  in- 
dication of  such  a  complication  as  haemorrhage,  but  if  an  antipyretic 
has  been  given  beforehand,  this  indication  may  be  entirely  absent*  On 
the  other  hand,  it  is  urged  in  favor  of  the  antipyretic  treatment  that 
the  patient  feels  more  comfortable  and  easier  when  the  temperature  is 
reduced,  and  that  this  alone  may  favorably  influence  the  course  of  the 
disease.  Besides,  the  high  temperature  in  itself  increases  the  tissue 
waste,  and  causes  larger  draughts  on  the  resources  of  the  patient  than 
^vould  be  made  with  the  same  amount  of  poison  in  the  tissues  at  a 
lower  temperature  ;  and  although  the  influence  of  the  high  temperature 
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on  ihe  raetabolism  was  imdoiibtedly  exaggerated  at  one  time,  this  con- 
siderHtioQ  is*  by  no  means  devoid  of  weight.  The  theory  that  fever  is 
naive  mea.sure  taken  by  tlie  organism  against  the  cauHi's  of  dis- 
mnd  ought  not  to  be  interfered  with  therefore,  is  now  seldom  men- 
tioned. The  antipyretic  treatment  of  fever  is  of  value,  thenj  in  cases 
where  the  temperature  is  so  high  as  to  endanger  life,  in  cases  in  which 
the  rise  of  temperature  is  t!ie  chief  Ciiuse  of  distress  and  no  complica- 
tions are  to  be  appreliendcd,  and,  in  general,  in  cases  in  wliich  the 
incTeaded  csorafort  of  tlie  patient  priMluced  by  them  is  not  counterbal- 
anced  by  their  obscuring  the  diagnosis  and  prognosis.  On  the  other 
haodf  there  is  no  reason  to  suppose  that  it  shortens  the  course  of  most 
fevers,  or  that  it  prevents  complications  of  any  kind,  except  excessively 
high  temperature,  and  the  routine  treatment  of  fever  with  antipyretica 
ia  to  be  deprecated. 

The  chief  rival  of  the  antipyretics  in  the  treatment  of  fever  in  the 
preaeot  day  is  the  so-called  cold-hath  treatment,  in  which  the  fever 
patient  is  bathed  frequently  in  water  the  temperature  of  which  varies 
from  70-90®  F.  in  different    hospital*^.     The  tem}>erature  generally 
I      falls  to  a  considerable  extent  under  this  treatment,  and  very  often  a 
V^geueral  improvement  in  the  symptoms  occurs.     Tlie  effect  on  the  tern- 
r    peratnre  is  mainly  due  to  the  abstraction  of  heat  from  the  body,  and 
thus  far  corresponds  to  that  of  tlie  antipyretics.     In  the  cold-bath  treat- 
ment, however,  the  loss  of  heat  is  not  immediately  due  to  the  dihita- 
tion  of  the  skin  vessels,  for  it  may  be  tjuosti^iued  whether  even  water 
at  90**  F.  is  sufficient  to  pn3duce  this^  and  baths  at  70°  F.  have  rather 
the  effect  of  i^jonstricting  the  vessels  primarily,  whatever  may  be  the 
sabseciuent  effect.     The  heat  out|>ut  increases  here  from  the  change  in 
the  external   medium,  and  not  from  any  aU^^ratiou  in  the  skin  itself. 
The  fall  of  temperature  is  generally  nut  so  great  as  under  tlie  anti- 
pyretics, and  the  regulation  is  not  directly  affected,  fi ir  the  patient 
ahivera  and  becomes  cyanotic  long  bufore  the  normal  tempeniture  is 
reached.    The  therapeutic  virtue  of  the  cold  bath  was  fi  inner  ly  believed 
to  lie  exclusively  in  the  abstraction  of  heat  and  the  fall  of  temperature, 
but  many  advocates  of  the  treatment  now  hold  that  this  is  of  less  im- 
portance than  the  effects  on  the  circulation  and  the  bmin,  which  are 
~  letted  reflexly  by  the  cold   water  applied  to  the  skin,  ami  which  are 
now  believed  to  be  due  to  the  fall  in  terai^erature.     Whether  this 
is  correct  or  not,  the  whole  nature  of  the  fall  in  temijerature  ia 
nt  from  that  produced  l>y  the  antipyretics,  and  the  metabolism, 
of  bediming  less  active  as  it  iloes  nnder  the  latter,  rather  tends 
umler  the  cr»ld  Imtljs,  at  least  as  far  as  the  tissue  change  can 
red  by  the  nitrogen  excreted.     The  relative  therapeutic  value 
of  the  two  methods  of  treating  fevers  can  only  be  determined  by  clin- 
\  exiJerimcnt,  and  the  present  attitude  of  the  clinicians^  which  tends 
favor  the  cold-bath  treatment,  may  be  reversal  in  course  of  time, 
owever  the  matter  may  stan<l  in   linsjiital   practice,  in  which  trained 
loe  is  available,  the  antipyrelit-s  have  a  great  advantage  iu  many 
in  which  treatment  lias  to  be  carried  out  without  any  such  facili- 
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ties,  for  the  administration  of  the!?e  drugs  may,  of  course,  be  entrusted 
to  ordinary  persons,  whereas  the  cold  bath  can  be  given  only  by 
the  physician  himself  or  by  trained  attendants.  Particularly  in  the 
milder  fevers,  ivhem  no  complicated  measures,  such  as  the  cold  bath, 
are  considcreil  necessary,  the  antipyretics  give  relief  to  the  patient  by 
removing  the  feeling  of  heat  and  discomfort. 

Other  antipyretic  drugs  are  quinine,  aconite,  digitalis,  and  alcohol, 
but  none  of  these  produce  an  equal  fall  of  temperature  unless  with  the 
presence  of  alarming  and  dangerous  symptonis.  Aconite  and  digitalis 
are  generally  supposed  to  reduce  the  temperature  through  their  efieets 
on  the  cu*culation,  although  it  is  not  impo.ssible  that  they  may  also 
affect  the  centres  for  heat  regulation.  Quinine  acts  probaldy  through 
reducing  the  metabolisni,  and  alcohol  by  dilating  the  skin  capillaries, 
and  perluips  by  lessening  the  movements  and  thereby  the  Ibrmation 
of  heat.  All  of  these  drugs  are  used  very  much  less  as  antipyretics 
now  tlian  formerly,  as,  besides  their  undesirable  secondary  effects,  the 
fall  of  temperature  is  less  certain  and  less  profound  than  under  the 
modern  antipyretics. 

The  antipyretics  are  also  used  very  largely  to  relieve  Neuralgic  Pain 
and  Headache,  often  with  complete  success.  S<:»  little  is  known  re- 
garding the  pathology  of  these  diseases  that  it  would  seem  premature 
to  discuss  the  method  in  which  these  remedies  act.  By  many  they  are 
supposed  to  have  a  sedative  or  depressant  effect  on  the  central  nervous 
system,  but  this  must  be  limited  in  its  range,  for  quantities  sufficient 
to  remove  pain  often  leave  the  mind  |ierfcctly  clear.  The  analgesic 
action  of  these  bodies  is  apparently  quite  different  from  that  of  mor- 
phine, for  in  many  instances  in  which  the  latter  is  successful  they  fail 
to  alleviate  the  condition.  On  the  other  hand  antipyrine  and  its  allies 
can  often  be  used  wliere  mnrpbine  is  contraindtcatedy  either  from  the 
danger  of  the  habit  being  formed,  or  from  the  somnolence  it  induces* 
The  antipyretics  appear  to  be  of  little  or  no  value  in  relieving  the 
pain  caused  by  acute  inflammatory  amditions,  while  on  the  other  hand 
they  are  almost  specific  in  some  neuralgic  cases.  Almost  all  of  the 
antipyretics  are  efficient  in  these  crises,  but  larger  doses  are  generally 
required  than  to  reiUice  fever, and  the  more  powerful,  such  as  antifebrine, 
are  often  preferred  to  the  safer  and  more  slowly  acting  |>henetidines. 

Several  of  the  antipyretics  have  been  use<l  as  Substitutes  for  Qtiijiine 
in  the  treatment  of  malaria,  but  none  of  them  seem  t^i  have  the  specific 
action  of  the  latter  on  the  organism  of  malaria,  and,  although  they  may 
reduce  the  temperature^  they  do  nut  prevent  the  other  symptoms  and 
do  not  remove  the  cause  of  the  disease.  In  the  same  way  they  do  not 
seem  to  equal  salicylic  acid  in  efiicieney  in  acute  rheumatism,  ah  hough 
here  again  they  reduce  the  tempemture.  This  does  not  apply,  of 
course,  to  those  of  the  antipyretics,  such  as  malakine,  which  form 
salieylic  acid  in  their  decomj.iosition  in  the  body.  It  is  to  be  noted 
that  the  amount  of  salicylic  acid  thus  formed  from  the  ordinary  dose 
of  the  antipyretics,  is  considerably  smaller  than  woidd  be  given  if  the 
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The  aDtipjrretics  are  used  to  a  oonsidemhle  extent  in  cases  of  dia- 
hcUsd  insipidiLS  and  aiellitus  aod  appar  to  relieve  the  discomfort  and 
in  aonie  cases  to  improve  the  general  condition.  In  whooping  cough 
antipyrine  often  lessens  the  severity  of  the  attacks  and  also  renders 
them  less  frequent^  aod  is  said  to  shorten  the  course  of  the  disease. 

The  use  of  antipyrine  and  other  members  of  this  series  os  sedatives  in 
hyperactivity  of  the  motor  functions  of  the  bmin^  j^uch  as  epilepsy  and 
chorea,  has  not  been  attended  with  great  success,  although  tempomry  im- 
provement has  occasionally  been  noted  as  after  so  many  other  remedies. 

Aiitipyrine  and  several  othei*a  of  this  series  have  been  advocatt'd  as  local 
sedatives  or  aniestheties,  and  have  been  used  occasionally  to  lessen  the 
irritability  of  the  throat  and  larynx  and  thus  to  permit  of  the  minor  manipii* 
lations  of  laryngology.  Holocrine,  a  body  closely  related  to  pKenacetine, 
has  been  employed  to  a  limited  extent  as  a  local  anaesthetic  in  ophthalmol- 
ogj,  but  appears  to  be  more  poisonous  than  other  equally  efficacious  drugs, 
such  as  eucaine. 

TbailiQe  has  been  advised  as  a  urethral  iiijection  in  gonorrbcsa* 

The  occurrence  of  collapse  and  other  symptoms  has  led  to  a  oonsid- 
ernble  amount  of  distrust  of  the  antipyretics  among  many  of  t!ie  med- 
ical profession.  In  justice  it  has  to  be  remembered  that  in  many  easels 
these  symptoms  were  produced  only  by  very  large  doses,  and  that 
aioce  experience  has  shown  that  beneficial  results  may  he  obtained  l>y 
smaller  quantities,  these  cases  have  notably  diminishcKl  in  medical 
practice.  Unfortunately,  this  distrust  is  not  entertained  by  a  large 
daaa  of  the  laity ^  and  numerous  cases  of  poisoning  arise  from  the  im- 
pression that  the  antipyretics  are  not  dangerous  drugs.  For  the  most 
part,  pJisoning  seems  to  be  due  to  a  peculiar  sensitiveness  or  idiosyn- 
Qms\\  which  cannot  be  foreseen,  but  in  cases  of  great  exhaustion  and 
asthenia,  es|>ecially  when  aoeonipaniod  with  anjemia,  these  drugs  have 

be  used  with  great  care  or  avoidetl  entirely* 
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XXV.     ANTISEPTICS   OF   THE   AROMATIC   SERIES   (CAR- 
BOLIC  AND   SALICYLIC   ACID   SERIES). 

VarioiLs  balsams  and  wond-tar  and  some  of  its  derivatives  have  loDg 
enjoyed  a  ciTtain  reputation  in  surgery,  but  the  true  value  of  the 
bodies  of  the  aromatic  series  has  only  Ix'eu  realized  since  the  systematic 
treatment  of  wounds  with  antiseptics  was  in  trod  need  by  Lister  some 
thirty  years  ago.  The  first  antiseptie  propos^ed  by  him  was  carbolic 
acid,  and  this  held  its  position  for  several  yeai-SjWhen  it  wag  discovered 
that  boilies  of  similar  origiUj  and  othei's  of  entirely  different  comjjosi- 
tion  possessed  equally  great  advantages  as  antiseptics  with  les8  liability 
to  imiuce  poisoning.  Of  late  years  a  very  large  number  of  antti^ptie^ 
belonging  to  the  aromatic  chemical  s<:'ries  have  l>een  introduwd,  and 
have  been  discarded,  often,  it  would  ap|>ear,  without  sufficient  exami- 
nation. It  is  not  within  the  scope  of  such  a  work  hs  this  to  examine 
all  of  these,  esjwcially  as  the  effects  of  many  of  them  differ  only  in 
detail,  but  the  chief,  active  principle.^  will  be  mentioned. 

The  great  mass  of  the  aromatic  antiseptics  are  obtained  from  coal- 
or  wood-tar  by  more  or  less  complieated  reactions,  and  are  often  knov^Ti 
as  the  coal-tar  or  tar  antiseptics. 

The  hyflroearhons  heniene  or  hnizol^  fohtal,  xyhl  are  too  volatile  for  use  as 
antiseptics,  and  theonlyhydroearhon  used  for  this  purpose  i^  Naplltalill(C^^^H^), 

Among  the  hydroxy!  it^mpniiuds  of  lienzol,  Carbolic  Acid  or  Phenol 
(CgHX)H)  Its  the  be^^t  known.  ThtMlioxyhenzols  (C„H '(OH),),  three  in  num- 
ber,  hydroquinmiej  ptfrocatechin^  and  resorcin  have  aliio  been  used  in  medieinCj 
and  Tesorein  was  at  one  time  a  popular  antiii^epttc,  although  it  has  latterly 
fallen  into  disus*e. 

Among  the  trio xy benzols,  Pyroga.llol  (C,.H.(OH)j^)  alone  has  been  used 
extensively  aa  an  antiseptic  in  skiD  diseases,  and  is  still  considered  of  value 
in  certain  conditions. 

Hvdroxyl  derivatives  of  other  hydrocarbons  are  the  tw^o  Naphtols,  n-  and 
P-,  (Ci^H^OH)  which  are  used  as  intestinal  disinfect^ints.     Tfiymid  (C^H,{eHj)- 
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(C^Hj)OH),  obtained  from  thyme,  was  introdueed  aa  a  sybstitote  for  carbolic 
•rid,  but  baa  fiillen  into  drause.  More  ret- ently  the  cresolis,  C^H^(OH)(CHj), 
of  which  three  are  known ^  have  attiimed  some  promiQence  as  autisieptifs* 

TUe  pheool  ethers,  aimot  and  phenekd  (Cgl^^OCllj  and  t'^H^jOC^Hj)  have 
never  been  introduced  into  therapeutic  use,  but  guaiacot  (C  H^{OH)(OCHj)), 
the  methyl  ether  of  pyrocateeiiiu,  Imn  had  some  use  of  fate  yeai's  aa  an 
antba^ptic  and  antipyretic.  A  combiiiation  of  guaiacol  and  carbonic  acid 
knowu  as  guaiacol  carbonate  iVO{Ot\lipVHj^)^)}mB  &\bo  been  used.  Other 
dioxy-tlerivatives  are  the  creosois  (C^li^(CH^(OH){OCK^))f  which  are  im- 
portant coni^tttuents  of  wood -tar  and  of  creosote. 

The  substitution  of  chlorine  for  hydrof^en  in  the  benzol  ring  seems  to  in- 
its  antiseptic  power,  and  moTWchiorophenol  (C^H^CKiH)  and  frivfifor* 
ol  (C,HjCl,OH)  have  been  Hugj^csted  as  antiseptics.     A  simihxr  intensitied 

ion  is  obtained  by  the  substiintion  of  chlorine  in  the  meml>ers  ut  the 
tntfthane  narcotics,     (dee  page  129*) 

The  presence  of  the  carboxyl  group  { — COOH)  lessens  the  poiBouous  action 
of  the  aromatic  series  exactly  as  in  the  case  of  the  methane  series,  Several 
acids  have  been  sugjc^ted  as  internal  antiseptics,  therefore,  and  oneof  them^ 
Salicylic  acid  (l\H^OHCOOH),  is  perhups  the  most  important  of  al  I  the  benxol 
compounds  at  the  j>reseut  time.  Benzoic  acid  (r^jH^COUH)  is  an  equally 
powerful  antiseptic,  but  is  comparatively  seldom  used  aa  tsueh.  It  is  the 
chief  constituent  of  several  of  the  *^  balsams/'  in  which  it  is  often  accom- 
panied by  cinnamic  acid  (CJI  CH^CHCOOH). 

Salicylic  acid  is  the  only  one  of  three  isomeric  acids  that  has  been  found  of 
value.  It  is  used  either  as  the  pure  aeid  cjr  more  fret^nently  ns  the  Salicylate 
of  Sodiumt  t>f  ifl  the  form  of  an  e^^ter.  One  of  these,  nt^^thi^l^aiiciilatc,  has  long 
bew  known  as  the  oil  of  nnntergreen  and  iis  sweet  oil  of  hireh.  Another  well- 
klievo  ester  is  the  phenyl  salicylate  or  Salol,  (CJl^OHCOOC^Hj),  while 
otbf  re  of  less  widespread  reputation  are  ere^aJoi  (siilicylale  of  crcijol),  betid 
^icylate  of  ^3-uaphthol),  saiithynud  (salicylate  of  thymol),     Several  other 

'Icylio  <H>mpounds  are  used  as  antipyretics  as  well  as  for  their  action  as 
icylates  and  are  mentioned  among  the  antipyrine  series.  (Page  374.) 
&  most  recent  sul^stiLute  for  salicylic  acid  is  aspirin  or  acetylsalicylic  acid 

,H,OC,H,O.COOH). 

Another  aeid  which  has  been  used  as  a  suhstitute  for  salicylic  acid  is 
creM>tinie  acid  (CJI^Ct  H J(OH)(C'OOH)),  and  the  oxiffMphime acids  (Cj^,H^(OH)- 
((X)OH))  have  been  suggested  as  antiseptics. 

Instead  of  carboxyl,  the  sulphon  radicle  has  been  attached  to  phenol  in 
order  to  lessen  its  toxicity,  and  in  this  way  the  so-called  sulphocarMates 
were  formed.  They  must  be  distinguished  from  the  ether-snlphuric  acids 
or  double  sulphates  in  which  the  — HSO,  is  attat'hcd  to  the  cari>on  of  the 
ring  by  oxygen,  while  in  the  sulphocarbolates  the  eunnectiou  l>etween  the 

sulphur  and  the  carbon  is  direct,     (Sulphocarbolate  of  sodium,  C^H^<q^t^- 
sodium-phenol  double  sulphate,  C  ILOSO^Na.)  »^,iNa, 

When  two  hytbogm  atoms  of  the  ben7A>l  molecule  are  sul>stitnted  by 
other  dements  or  radicles,  tiiree  diflerent  chemical  products  may  result, 
and  these  are  known  as  ortliu  ,  meta-  or  pam-compi>unds,  according  to  the 
rehfctiou  the  two  substituted  atoms  bear  t-o  eiu^h  other.  These  three  isomeric 
forms  very  often  diHer  in  toxicity  and  also  in  their  antiseptic  power,  but  no 
general  statement  am  be  made  as  to  their  relative  position,  for  the  ortho- 
compound  is  sometimes  tlie  moat  i>owerfnl  antiseptic,  as  in  salicylic  a4*id  ; 
in  others  the  meta-com|>ound,  as  in  metacre^sol,  while  paraeblorphenol  is 
more  strongly  antiseptic  than  either  ortho-  or  metachlorphenol. 

Many  cnide  preparations  of  these  bodies  are  still  in  use  and  have  thead* 
vmntage  of  cheapness  over  the  pure  principles,  and  are  therefore  preferred 
where  disinfection  has  to  be  carried  out  on  a  large  scale. 

Wood'tar  VTiries  in  its  composition  with  the  wood  from  which  it  Is  ob- 
t4uued.     The  most  important  constituents  are  generally  guaiacols  and  creo- 
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sols  iLnd  their  bomologiies,  while  carbolic  acid  and  the  cresols  are  leas 
largely  represented.  iVlung  with  other  only  partially  known  substances, 
sooie  hydrocarbons  and  acids  such  as  acetic  acid,  alrio  occur. 

Creosote  is  obtained  from  beech  tar  aud  cou^sist^  chietly  of  giiaiacol  and 
creosols  with  verj'  little  carbolic  aeid  or  cresol,  which  latter  have  a  lower 
boiling  point  and  are  reraoved  in  the  course  of  preparation 

The  tyolatile  or  ethereal  oils  have  tvlso  antiseptic  properties,  and,  in  fact,  no 
line  of  demiireation  can  he  drawn  l>etwecn  the  volatile  oil  sejies  and  the 
antise]>ticH  proper,  for  many  bodies  occur  in  iwth  groups,  and  the  great 
majoiity  of  the  constituents  of  the  volatile  oil  series  belongs  to  the  benzol 
compounds.  The  earliest  aotiseptica  kno^Ti  were  those  occurring  in  plants*, 
as  is  shown  by  the  use  of  various  herbs  in  embalming  in  Egypt.  In  later 
times  several  of  the  balsams,  which  contain  benzoic  and  cinnamic  acids  dis- 
solved in  volatile  oils,  were  credited  with  beneficial  eflects  in  the  treatment 
of  wounds. 

lehihijol  is  the  ammonia  salt  of  a  sul phonic  acid  derived  from  the  tar  of  a 
bituminous  shale  which  is  found  in  the  Tyrol,  and  which  contains  the  re- 
mains of  many  fossil  fishes.  The  constitution  of  ichthyol  is  still  doubtful  and 
It  is  even  undecided  whether  it  is  not  really  a  mixture  of  a  number  of  bodies. 
It  contaiiis  a  hif^h  percentage  of  sulphur,  which  seems  to  be  only  in  part  in 
the  form  of  siilphous,  in  part  in  tha  of  mercaptans  and  sulphides.  Thiol  is 
an  artificial  product  formed  as  a  substitute  for  ichthyol  by  the  action  of  sul- 
phur and  afterwards  of  sulphuric  acid  on  the  tar  obtained  from  brown  coal. 
It  seems  to  consist  chiefly  of  sulphons,  and  is  very  soluble  in  water.  Titmetwl 
is  another  artificial  substitute  for  ichthyol.  Naphktlan  is  prepared  from  raw 
naphtha  by  distillation  and  is  used  instead  of  ichthyol. 

Action, — The  simpler  bodies  of  the  aromatic  series  produce  sjraptoras 
in  the  living  organism  wliich  present  great  similarity  io  their  general 
features,  although  they  differ  in  details.  As  a  general  rule  it  is  foimd 
that  the  simpler  member.^  of  the  series  are  much  more  poisonous  to  the 
higher  animals  than  the  more  eomplex  ones,  while  the  latter  are  equally 
or  more  efficient  as  poisons  in  the  lowest  living  forms.  They  ai-e  all 
possessed  of  a  more  or  less  marked  action  on  the  central  nervous  sys- 
tem which  is  entirely  different  from  that  of  the  methane  naix'^^tie^ 
however.  The  brain  and  spinal  cord  are  thrown  into  a  condition  of 
abnormal  irritability,  which  is  betrayed  by  an  increase  in  the  reflex 
movements,  and  tremor  and  convulsions,  and  which  is  not  due  to  the 
removal  of  inhibition  as  in  the  ease  of  tlic  methatie  a^nijKinnds.  Later, 
a  stage  of  prostration  and  collapse  is  develojied,  which  may  simulate  tliat 
seen  in  the  narcosis  of  the  fatty  series,  but  does  not  seem  to  be  identi- 
cal with  it|  for  though  in  man  the  consciousness  is  often  lost  in  this 
stage,  the  collapse  in  animals  is  in  many  cases  not  accompanied  by  loss 
of  sensation  or  of  the  voluntary  movements.  The  symptoms  are  gen- 
erally tho.se  of  great  muscular  weakness  and  indicate  depression  of  the 
vital  centres  of  the  medulla  oblongata  and  of  the  heart  rather  than 
complete  loss  of  the  cerebral  fiinctions.  They  resemble  surgical  shock 
more  than  tlie  anaesthesia  following  the  use  of  chloroform  and  ether, 
and  are  pn>l>al>Iy  of  a  different  nature  from  the  latter. 

Many  of  the  members  of  the  benzol  series  tend  to  destroy  the  red 
cells  of  the  blood  and  to  form  methtemoglobin  ;  this  effect  is  especially 
developed  in  the  ciise  of  pyrogallol  and  will  be  described  untler  it  in 
detail.     Most  of  these  antiseptics  reduce  the   temperatare   in  fever, 
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fhile  they  have  little  eflFect  on  that  of  tho  normal  Ixxly  unless  when 

l^ven  in  large  enough  quantities  to  produce  collapse.     The  cause  of 

the  fall  of  temperature  in  fever  under  the  action  of  these  drugs  is  not 

Batisfectorily  explained,  although  it  seems  probable  that  ttic  prcieess  is 

same  as  in  the  antipyrine  series^  %vith  which  tfiey  are  iioarly  aHieil, 

The  aromatic  poisons  differ  from  the  typical  members  of  the  methane 

frie^  ID  their  effects  on  protoplasm  in  general.     Alcohol  and  ether 

troy  life  in  all  forms  of  protopliism  when  they  are  brouglit  in  con- 

ict  with  it  in  sufficient  concentration,  but  tlie  plienok  and  acids  of 

e  aromatic  series  do  so  in  more  dilute  solutions,  and  in  fact  owe 

their  importanoe  in  medicine  to  their  activity  as  general  protoplasm 

poisons. 

Bmiill  quantities  of  the  aromatic  bodies  seem  to  increase  the  activity  of 
living  mutter,  at  any  rate  under  some  conditions^  for  the  alcoholic  fermen- 
tation is  said  to  be  accelerated  by  the  presence  of  minute  proportions  of  these 
pobi4uu3,  and  in  the  higher  animals  some  of  them  inereiise  the  nitrogenous 
metabolism^  while  larger  doses  destroy  the  yeui^t^  i\m\  also  the  tissues  of  the 
body.  The  evidence  of  central  nervous  irritation  might  aJso  be  cited  in 
support  of  the  view  that  the  members  of  the  aromatic  series  first  accelerate 
and  then  retard  protoplagmio  activity,  but  the  evidence  is  too  limited  as  yet 
to  admit  of  such  a  generalization. 

Therapeutic  Uses* — The  members  of  the  aromatic  series  are  used  in 
therapeutics  chiefly  as  disinfectants  and  antiseptics^,  that  is,  to  destroy 
or  retard  the  growth  of  puthogenic  and  putrefactive  microorganisms 
and  yea.its*  Their  introduction  by  Lister  to  prevent  the  infection  of 
wound<d  surfaces  in  surgery  was  ftil lowed  by  a  revolution  in  surgical 
methods,  which  can  only  be  paralleled  by  that  which  followed  the  in- 
troduction of  anffi.sthetics  some  twenty  years  earlier. 

The  anoceasful  treatment  of  lo<5al  infections  by  means  of  antiseptics 
encouraged  the  hope  that  general  septic  diseases  might  be  as  favorably 
influencetl  by  them,  but  the  two  conditions  are  obviously  entirely  dif- 
ferent, for  in  the  case  of  a  Itical  infection  the  remedy  raiiy  be  applied 
at  the  diseased  point,  and,  although  it  may  destroy  the  life  of  the 
superBcial  celU  in  the  neighborhood,  this  is  not  of  vital  importance. 
On  the  other  hand,  a  disinfectant,  acting  thrf>ughout  the  tissues  of  the 
bixly  in  sufficient  quantity  to  destPtiy  the  microbes  of  infection,  moBt 
have  an  ecpially  unfavorable  effect  on  the  cells  of  the  liost,  unless  it 
has  a  specific  action  on  the  parasite,  and  this  is  very  exceptional. 

A  disinfectant  in  the  strict  use  of  the  terra  is  a  substance  used  to 
de«4tn>y  micn:)be5,  while  an  antiseptic,  while  not  actually  killing  the 
g^»rms,  prevents  their  growth  as  long  as  it  remains  in  contact  with  them, 
A  disinfectant  is  accordingly  only  intendf^l  to  act  for  a  short  time,  for  if 
the  infected  matter  be  once  rendered  sterile  it  can  only  become  dan- 
g<*roaa  by  being  again  contaminated.     For  example,  a  room  requires 

tnly  to  be  disinfected  after  a  case  of  infci-tious  disease.  A  wound,  on 
be  other  hand,  even  though  completely  disinfected  may  become  oon- 
iminate<l  again  very  easily  and  au  antiseptic  may  be  required  to  prevent 
be  further  growth  of  micn»bes.     Many  substances  arc  disinfei'tant  in 
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large  quantities  and  antiseptic  in  more  dilute  solutions,  but  others  are 
too  weak  to  disinfect  thoroughly  though  they  retard  the  growth  of 
pathogenic  organisms,  and  still  others  may  be  employed  to  disinfect 
but  are  unsuitable  for  use  as  antiseptics,  either  because  tliey  are  too 
poisoDons  to  be  applied  for  a  sufficient  time  or  because  they  lose  their 
effects  on  the  microl>es  (peroxide  of  hydrogen  group). 

The  uses  of  the  autiseptics  and  disinfectants  may  U}  stated  as  follows : 

1.  To  DiBinfect  EoomSi  Furniture,  Clothes,  etc,  —  For  these  purposes, 
the  strongeit  and  cheapest  drugs  which  do  not  actually  injure  the 
objects  may  be  employed.  None  of  the  aromatic  series  is  very  trost- 
worthy  here,  although  carbolic  solution  has  been  employed ;  the 
gaseous  disi II fee tautB,  fbrnialdt?hyde  and  sulphurous  acid,  are  much  more 
efficient.  For  the  disinfection  of  the  excrements,  crude  carbolic  acid 
and  tar  have  been  advocated. 

2.  To  Prevent  the  Infection  of  Wounds  in  surgery.  This  was  first 
attained  l)y  Lister^s  carbolic  acid  dressing  and  oj>erative  procedure, 
but  many  other  antiseptics  have  since  been  substituted  for  carbolic 
acid,  and  the  use  of  antiseptics  during  o|>e rations  ou  uninfected  organs 
has  given  way  to  the  aseptic  method.  For  use  during  operations  on 
infected  wounds,  the  disinfectant  must  be  soluble  or  luihcibte  in  water, 
and  ought  to  produce  as  little  irritation  as  possible,  but  there  is  less 
likelihood  of  serious  poisoning  or  irritation  from  the  use  of  antiseptics 
here  than  from  their  subsequent  application  to  the  wounded  surface  as 
dressings.  The  importance  of  avoidiug  the  u^e  of  irritant  antiseptics 
in  operations  ou  delicate  structures,  such  as  the  peritoneum,  has  only 
been  fully  re^coguized  of  late  years.  Where  a  dressing  has  to  be  applied 
for  some  time,  and  especially  when  the  wounded  surface  is  lar^e,  as  in 
the  case  of  burns  or  large  abscesses^  the  danger  of  absorption  has  to  be 
taken  into  consideration,  and  antiseptics  ought  therefore  to  be  chosen 
which  are  either  absorbed  slowly  or  are  not  very  pjisouoiis  to  man. 
The  frequent  occurrence  of  more  or  less  severe  carbolic  intoxication 
has  led  to  its  employment  being  much  more  restricted  than  formerly, 
while  the  less  soluble  or  less  poisonous  antiseptics  have  taken  its  place. 

3.  In  the  Treatment  of  Bkin  Biaeasea  the  danger  of  absor]>tion  is  even 
iter  than  in  the  dressing  of  wounds,  as  the  absorbing  surliace  is  often 

very  much  more  extensive,  and  in  addition  the  more  irritant  anlisti'ptics 
are  obviously  not  admissible  here.  In  many  cases  of  successful  treat- 
ment witli  bodies  of  tlie  aromatic  series,  the  remedy  seems  to  Dct  not  only 
as  an  antiseptic  but  also  as  a  mild  irritant  and  astringent,  Pyrt*gallol 
is  believed  l>y  some  liernuitologists  to  be  of  value  only  from  its  reduc^ 
ing  action  depriving  the  superficial  tissues  of  their  oxygen. 

4.  The  antiseptics  have  Ijeen  frequently  employed  for  their  Disin- 
fectant Action  on  tlie  Bowel,  and  as  far  as  the  putrefaction  of  the  in- 
testinal contents  is  concerned,  with  success.  The  disintegration  of  the 
food  l>y  microbes  in  the  bowel  may  be  estimated  by  the  amount  of 
double  sulphates  appearing  in  the  urine,  and  in  several  series  of  exper- 
iments these  have  been  found  to  he  notably  diminished  by  bodies  of 
the  aromatic  series.     Fewer  microbes  have  been  found  in  the  f^oea 
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liter  the&e  antiseptics  have  been  administered.     Wlieo,  however, 
infection  of  the  waU  of  the  l>owel  is  t rented  with  these  anti- 
ihe  resiiltii  are  less  favorable.      In  typhoid  ^t^v^Vy  in  whicii  the 
1ms  been  most  frequeutly  examined,  tlie  miruber  uf  the  typhoid 
in  the  stools  has  not  been  lesseued  to  any  noticeable  extent,  and 
©ajority  of  clinical  observere  seem  to  be  very  giceptical  as  to  any 
of  the  symptoms  being  attained  or  of  the  duration  of  the  dis- 
beiog  shortened  by  their  use. 
Any  drug  used  for  the  disinfection  of  the  intestiue  most  not  be  irri- 
it,  nor  very  poisonous.     It  must  not  be  too  soluble,  since  otherwise 
may  be  absorbed  from  the  stonuich  and  fail  to  reach  the  b*:»wel,  and 
other  hand  it  must  be  i^oluble  to  some  extent,  or  it  cannot  mix 
ridraately  with  the  contents  of  the  intestine.     Carbolic  acid  is 
acarcety  fitted  tor  this  pnrixise,  for  it  irritates  the  stomach  and  is  also 
9^idly  absorbed.     Some  of  the  cresols  have  been  recommended  of  late 
^OtfBy  and  the  naphtalin  preparations  hav^e  al^o  enjoyed  some  repu- 
tation.    Salol  and  its  congeners  have  the  advantages  of  being  almost 
Omxpletely  insoluble  and  harmless  in  the  stomacli  and  of  being  dis- 
«olv€d  and   rendered  active  by  the   intestinal  juiees,  and  have  been 
&iLnd  of  value  in  excessive  putrefaction  of  the  contents  of  the  Ijowel. 
has  to  be  added  that  putrefaction  in  the  bowel  is  best  treated  by  its 
uatioii  by  a  purgative,  such  as  one  of  the  mercurial  preparations, 
h  also  have  a  high  antiseptic  value. 

The  anti^ptics  of  the  benzol  series  are  excreted  in  great  part  by 
'  neys,  and   tlie  urine  is  tluis  rendered  weakly  antiseptic  and 
it.     This  fact  has  been  taken  advantage  of  in  the  treatment  of 
Diseases  of  the  Bladder  and  Urethra ;  the  drugs  used  for  this  pur- 
must  not  be  too  irritant  to  tlie  gastric  mucous   membranes,  and 
l>e  easily  at)9orbed,  and  not  dangerously  poisonous.     Here,  again, 
lol  has  been  found  of  value  as  well  as  salicylic  acid.     The  forms  in 
lich  the  benzol  derivatives  are  excreted  by  the  kidney  are  generally 
less  irritant  and  antiseptic  than  that  Jn  wliich  they  are  adminis- 
In  estimating  the  value  of  each  as  a  urinar)'  disinfectant,  it 
ftbo  be  remembered  that  many  of  them  are  liable  to  undergo 
idation  in  the  urine  it^^clf. 

6.  Small  quantities  of  some  of  the  more  volatile  members  of  this  series, 
ly  of  the  hydrocarb*:»ns,  escape  by  the  lungs,  and  this  has  led 
their  use  in  Palinoiiary  Disease,  especially  in  phthisis.  It  may  be 
itated  at  <mee  that  careful  observers  are  almost  all  united  in  the  belief 
tJiat  tlie  internal  administnUion  of  thes<?  remedies  luis  practically  no 
iotiseptic  effect  on  the  microl>es  in  the  lungs.  Simie  relief  is  often  ob- 
tained, but,  it  is  believed,  only  through  their  disinfectant  action  in  the 
stomach  and  bowel.  Antiseptic  remedies  have  also  Wen  inhaled  in 
?&pQr  or  spray  and  have  been  injected  into  the  trachea  and  even  into 
the  long  directly,  but  as  far  as  the  tubercle  bacillus  is  concerned,  they 
IttTe  bad  no  result  in  the  hands  of  tlte  vast  majority  of  physicians.  Id 
of  gangrene  of  the  lung,  fcetid  bronchitis,  etc.,  the  inhalations  re- 
e  the  patient  to  some  extent,  and  certainly  lessen  the  offensive  odor. 
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7,  The  use  of  antiseptics  to  Destroy  Pathogenic  Qerms  in  tlie 
after  Absorption  is  very  limited^     It  is  now  recognized  to  be  hopele 
attempt  to  find  a  single  bcjdy  which  will  degtroy  all  forms  of  tiacter 
the  tissues,  while  leaving  the  host  uninjured,  but  there  is  gtill 
to  believe  that  in  the  future  specific  antiseptics  may  be  found  fy 
least  some  of  the  constitutional    diseases.     Such  a  specific  actio 
seen  in  the  eiFects  of  quinine  t>n  the  organism  of  malaria,  of  salic 
acid  in  rheumatic  fever,  and  of  mercury  in   syphilis,  all  of  these 
parently  acting  more  strongly  on  the  cause  of  the  disease  than  on 
tissues  of  the  patient.     While  it  may  be  hoped   that  the  antis 
treatment  of  internal  maladies  has  not  reached  its  final  limit,  the  ( 
constitutional  disease  in  which  the  aromatic  series  has  been  shown  j 
be  of  incontestable   value   is  acute  rheumatism,  and  in    many  otl 
conditions  which  were  formerly  treated  with  bejizol  antiseptics^  I 
have  proved  rather  injurious  than  otherwise*     Even  the  least  dang 
ous  cause  symptoms  of  poisoning  in   much   smaller  quantities 
would  be  necessary  to  render  the  blood  an  antiseptic  solution. 

There  is  reason  to   believe  that  solutions  containing  several  of  ' 
benzol  series  are  more  strongly  antiseptic  than  those  containing  i 
equal  |>ercentage  of  the  individual  pure  bodies,  and  that  the  mis 
of  such  a  body  as  carbolic  acid  with  an  antiseptic  of  another  kifl 
e.  ff,f  mercuric  jierchloride,  is  still  more  efficient  than  the  correspon 
ing  pro[K>rtion  of  either  alone.     This  appears  to  be  due  to  a  change] 
the  Bolubility  of  the  disinfectant,  at  any   rate  in  some   cases.    Ifl 
poison  is  to  penetrate  into  the  interior  of  an  organism  in  quantity l 
must  be  as  soluble  in  the  protoplasm  as  in  the  fluid  in  which  it  isi 
plicnl,  for  it  is  obvious  that  it  will  not  leave  a  medium   in  which  it^ 
readily  soluble  for  one  in  which  it  is  dissolved  with  difficulty. 
cordingly  it  is  found  that  fats  and  oils  in  which  the  members  of  i 
aromatic  series  are  very  soluble  are  not  suitable  as  media  for  their  I 
plication,  for  the  poisons  remain   in  the  oily  menstruum  and  fail 
penetrate  the  microbes  in  which  they  are   less  soluble.     On  the  otb 
hand,  the  addition  of  inorganic  salts  to  an  aqueous  solution  of  carb  " 
acid  ofteu  increases  its  antiseptic  power,  because  the  poison  be 
less  soluble  in  the  water  and  shows  a  greater  tendency  to  escape 
it  into  the  interior  of  the  microbes. 

Fate  in  the  Tissaes. — ^The  fate  of  the  members  of  the  aromatic  sen 
IB  the  body  is  very  uniform  in  one  respect  —  the  benzol  ring  is  rtif^ 
tured  only  with  great  difficulty-  Id  the  great  majority  of  cases  i^ 
changes  which  these  substances  iiodergo  in  the  tissues  affect  only  the 
hydrogen  or  the  side  chains  attached  to  the  carlxin  atoms,  and  leave 
the  form  in  which  these  last  are  attachetl  to  each  other  unchangf^L 
The  chief  exceptions  to  this  rule  are  pyrogallol  and  gallic  acid,  wbki 
seem  to  undergo  more  or  less  complete  oxidation  to  carbonic  acid  and 
water.  Some  oxidation  takes  place  in  the  aromatic  series,  however, 
the  simpler  fomxs,  snchas  benzol  and  aniline,  tending  to  form  hydmxyl 
compounds,  while  those  with  a  side  chain  formed  of  methane  deriva- 
tives  tend  to  oxidize  it  to  carboxyL     The  oxidation  of  the  benzol  corn- 
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if  in  the  tissues  therefore  results  in  tlie  formation  of  oxybenzols 

.  aromatic  acids,  and  this  oxidation  is  probably  not  limited  to  any 

particular  tissue  or  organ.     These  bodies  are  not,  however,  ex- 

in  this  form  in  ordinary  cases,  but  enter  into  secondary  combi- 

in  which  they  appear  in  the   urine.     The  hydroxy!   bodies 

"with  sulphuric  and  glycuronic  acids  to  form  double  sulphates 

Br-sulphnric  acid  salts)  and  glycurouates,  while  the  aromatic  acids 

lexcTeted  in  combinations  witli  glycocoU,  which  are  known  as  hip- 

salicyluriCi    etc.,  acids.     The  kst  synthesis  probably    occurs 

Ijr  in  the  kidney,  while  the  double  sulphates  are  said  to  be  formed 

[ibe  liver. 

[A  few  examples  of  the  changes  undergone  in   the  tissues  may  elu- 
the  above  statement.     Benzol   (C^.HJ  is  oxidized  to  phenol 

bgH^OH),  and  to  dioxybenzols  (C^H*<nri  J  i  which  combme  in  the 

ttcjr  with  sulphuric  and  glycuronic  acids  to  form  phenol-sulphuric 

^^JO — SOjH)  and    phenol-glycuronic  acids,  and   the  eorrespond- 

lioxybenzol   compounds.     Toluol    (C^H^ — ^'HJ    is   oxidized   to 

bic  acid  (CgH^  —  COOH),  which  combines  with  the  glycocoll  of 

body  to  form  hippuric  acid  (C.H^CO— NHCH.COOH).     Xylol 

if       'cm  V  -     .  . 

|C^^<p„*  I  15  oxidized  only  in  one  side  chain  and  forms  toluic  acid 

|C^^<^.^^n^Tj  I  ,  which  is  excreted  in  combination  with  glycocoll  as 

I  add. 

AlthoQgli  a  general  resemblance  exists  in  the  oxidation  products  of 
'  bodies  in  the  tissues  and  in  the  forms  in  which  they  are  exci'eted, 
LlOQsiderable  diflerences  are  noted  in  the  details.  Thus,  naphtalin 
LiKBdergoes  the  same  oxidation  as  benzol,  forming  naphtol  in  place  of 
[ybeiiol,  but  while  the  phenol  appears  in  the  urine  in  combination  with 
Imlpburic  acid  almost  entirely,  the  naphtol  combines  with  glycuronic 
I  icid  for  the  most  part. 
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X.   Carbolio  Acid. 

Carbolic  acid  or  phenol,  the  first  of  the  raodern  antiseptics  to  be  il 
troduced,  acta  like  the  rest  of  the  simpler  benzol  cx)mpounds  Aal 
Ckneral  Protoplasm  Poison,  although  in  the  vertebrates  it  acts 
powerfully  on  the  t^entral  nervoaa  system  than  on  the  other  tissues. 

Its  poisonous  effects  are  well  seen  when  it  is  apjvlied  to  umo 
lular  organisms  such  aa  the  protozoa.  Even  dilute  solutions 
immediate  arrest  of  all  movements  j  the  organism  assumes  a  spheri* 
shape  and  losea  its  transparencyj  aud,  unless  the  solution  be 
attenuated,  dies  in  the  course  of  a  few  miuutes.  Phini  cellft  are  aci 
on  in  the  same  way,  and  tlie  individual  cells  of  more  highly  organij 
animals,  such  as  the  cUialal  epithelium  of  the  air  passages  and 
upermato'oay  are  killed  at  once  when  brought  in  contact  with 
acid.  There  is  some  evidence,  however,  that  very  dilute  solutions! 
carbolic  acid,  as  of  other  antiseptics,  tend  to  increase  the  activity  ( 
protoplasm.  Thus  Biernacki  and  Schulz  have  found  that  while  &M 
tif>ns  of  phenol,  such  as  are  used  as  surgical  antiseptics,  are  immediaU 
fatal  to  the  yeast  plant,  very  dilute  solutions  increase  its  activity. 
effect  of  carbiilic  acid  on  protoplasm  has,  however,  been  studied  ehieJ 
in  the  bacteria.  Its  antiseptic  power,  while  always  considerabld,  i 
found  to  vary  greatly  with  the  species  of  microbe.  Thos^  while  it) 
fairly  poisonous  to  the  ordinary  pyogenic  organisms,  it  has  to  be  pr 
in  very  aincentrated  form  to  destrt>y  the  more  resistant  spores  of  aa- 
thrax,  and  like  other  antiseptics,  is  much  less  poisonous  to  the 
microbes  than  to  the  protozoa  and  other  simple  forms  of  life.  The 
development  and  reproduction  of  many  microorganisms  has  been  found 
to  be  much  delayed,  or  altogether  prevented,  as  long  as  they  remaiued 
in  a  sohition  of  one  part  of  carbolic  acid  in  400-600  parts  water,  kt 
in  order  to  kill  the  s[>ores  very  much  more  concentrated  solutions  (o 
per  cent.)  were  required,  and  Koch  found  that  the  sjwres  of  the 
anthrax  bacilli  were  destroyed  by  5  per  cent,  carbolic  solution  odIj 
after  they  had  remainetl  in  it  for  two  days. 

It  seems  to  vary  considerably  in  its  action  on  the  unotyanized  JfF- 
m^ris ;  thus  it  is  said  not  to  retard  appreciably  the  fermentations 
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loced  by  emulsio,  diastase  and  myrasin^  even  when  present  in  the 
:)Uitir)a  tip  to  5  per  ceot.,  while  i>cpsiii^  ptyalin  and  the  reunet  fer- 
ment are  weakened  by  somewhat  smaller  quantities. 

Carbolic  aeid  preeipitates  Proteida  in  solution  and  also  in  the  cells. 
does  not  seem  to  enter  into  any  such  firm  eombi nation  witli  thera  as 
formed  when  tannic  acid  or  a  salt  of  one  of  the  heavy  metals  is  added 
a  solution  of  proteid,  for  it  can  be  washed  out  of  the  precipitate 
with  wimparative  ease*  Its  action  in  precipitating  albumins  may 
rather  be  comjKired  to  that  of  alcohol,  in  which  the  proteid  is  precipi- 

Itated,  not  because  an  insoluble  compound  is  formed,  but  because  of  a 
jShani^  in  the  nature  of  the  solvent  It  results  from  this  that  carlxdic 
kcid  penetrates  more  thoroughly  than  the  metallic  antiseptics,  which 
^  rendered  insoluble  by  tlie  albumin  they  meet,  and  whose  action 
therefore  tends  to  remain  confined  to  the  surface. 
'  This  coagulation  of  the  proteids  occurs  whenever  carbolic  acid  is 
brought  in  contact  with  the  tissues.     On  the  Skin  a  white,  opaque  scar 

■is  formed  by  concentrated   phenol,  whtch  becomes  red  and  shining  af- 
lerwards  and  then  falls  otF  in  a  few  days,  leaving  a  light  brown  stain 
which  may  remain  for  sevenil  ^veeks.      Even  a  five  per  wut.  solution 
applied  to  the  fingers  prtKluces  tingling  and  warmtli,  which  is  often  fol- 
lowed by  opacity  and  shrinking  of  the  epidermis  and  a  sense  of  numb- 
ness.    This  numbness  may  amount  to  almost  complete  ansesthesia  if 
more  concentrated  solutions  are  applied,  no  pain  being  felt  even  when 
^^e  skin  is  cut  through.     When  applied  for  some  time  and  prevented 
^Hrom  evaporating,  carbolic  acid  may  cause  extensive  dry  gangrene  of 
^pttie  part  from  its  penetniting  through  the  surface  layer  and  reaching  the 
deeper  tissues.     AppliaJ  to  a  Wound  in  five  \wr  cent,  solution,  phenol 
induces  pain  and   irritation  and  the  formation  of  a  white  pellicle  of 
coagulated  proteids.     It  causes  irritation  and  necrosis  of  the  Mucoas 
Membranes,  and   if  applied  in  sufficient  quantity  may  be   followed  by 
sloughing  and  acute  inftamraation.     This  local  etfect  may  prove  fatal 
^^tom  shook  and  collapse  when    large  quantities  of  the  undiluted  acid 
^^re  swallowed,  the  effect  resembling  exactly  that  produce<l  by  other 
corrosive  substances. 

Apart  from  its  hK?al  action,  carbolic  acid  has  imiM>rtant  effects  after 

iti  absorption  into   the   blood.     The   m<kst   marked   of  these  are  the 

^■BbaQsea  in  the  Central  Nervous  System.     Wlieu  a  small  quantity  of 

^Hlirbolio  acid  is  injected  into  the  ^Vrn/,  the  first  sympttKus,  apart  fn>m 

th(.)se  produced  by  the  f>ain  of  the  injection,  consist  in  an  unusual  quiet 

ad   in  the  absence  of  the  s|>ontane<>us  movements*     Later,  quivering 

|f  individual  muscles,  and  apjmrently  of  the  individual   bundles  of 

luscle  fibres,  sets  in,  and  this  is  stM>n  aceiHupanieil  by  an  increase  in  the 

sflex  irritability  and  eventually  by  convulsions  similar  to  those  seen 

ifter  strychnine.     These  movements  gradually  become   weaker,  and 

^entually  complete   paralysis  is  indncecl,  while  the  heart  continues  to 

at  and  the  muscles  and  nerves  react  to  the  electric  shock.     A  dilute 

solution    of    carbolic   acid    applied    directly    to    the   exposed    spinal 

csord    paralyses    the    sensor^'   elements   immediately^    while    leaving 
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iinuftected  the  motor  fibres  and  the  cclU  of  the  anterior  horn  (Bag- 
lioni). 

In  mammals,  a  very  similar  set  of  syraptoms  are  produced,  save  disi 
there  is  often  no  noticeable  preliminary  stage  of  depret?siun»  Some 
weakness  and  lethargy  may  be  pre.seiit,  however,  and  are  followed  by 
marked  ma-^enlar  tremor,  which  resembles  the  sliivering  product  by 
cold.  At  intervals  this  is  mternipted  by  sudden  twitclies  in  difiereot 
muscles,  and  later  by  clonic  convulsions.  The  respiration  and  the 
pulse  are  at  first  accelerated,  but  afterwards  are  slow,  irregular,  aad 
weak.  The  movements  become  feeble  and  appear  at  longer  intervals, 
the  respiration  is  shallow  and  irregular,  and  the  animal  passes  into  a 
condition  of  c^allapse,  in  which,  however,  the  sensibility  to  pain  is  often 
preserved.  Eventually  death  occurs  from  asphyxia.  After  very  large 
doses  the  aillapse  may  be  immediate,  no  eouvnlsions  being  observed, 
the  heart  and  respiration  often  ceasing  simultaneously.  In  most  cases 
salivation  is  a  marked  gymptom,  and  the  temperature  often  falls  far 
below  the  normal. 

In  manf  convulsions  are  comparatively  rarely  seen.  When  large 
quantities  are  taken,  immetliate  unconsciousness  may  result  and  death 
follow  within  a  few  minutes.  How  far  this  is  due  t4>  the  local  cor- 
rosion, and  how  far  tlie  direct  action  on  the  central  nervous  system  is 
involved,  cannot  be  determined.  In  more  gradual  poisoning,  de- 
pression and  weakness,  headache,  nausea  and  vomiting  are  followed  by 
giddiness,  noises  in  the  ears,  pallor  and  collapse,  with  irregular  pulge 
and  respiration,  and  cold  perspiration  ;  fainting  and  unconsciousiM^H 
then  lead  to  failure  of  the  breathing,  and  death.  Delirium  and  excil^^ 
ment  have  been  oliserved  in  sonu^  cases.  Fatal  poisoning  may  arise 
from  swallowing  the  concentrated  or  dilute  solution,  or  from  absorption 
from  wounds  and  abscesses.  It  has  also  occurred  in  man  from  absorp- 
tion through  the  unbroken  skin. 

The  autopsy  sometimes  gives  no  siiecial  indications  of  the  cause  of 
death,  save  the  local  corrosion  of  the  alimentary  canal.  Inflammation 
and  necrosis  of  the  intestine  is  said  to  have  Ix^en  observed  in  some 
cases  in  which  the  poison  was  absorbed  from  skin  w^ounds,  and  fatty 
degeneration  is  sometimes  induced  in  the  liver  and  the  renal  epithelium, 
but  is  not  constant. 

The  cause  of  the  convulsions  in  the  frog  seems  to  be  an  increase  in 
the  irritability  of  the  spinal  cord  similar  to  that  seen  in  strychnine, 
for  they  are  not  removed  by  section  of  the  medulla  oblongata.  In 
mammals  the  sudden  contractions  of  isolated  muscles  appear  due  to  a 
similar  action  on  the  spiual  cord,  but  the  clonic  convulsions  and  the 
persistent  tremors  are  probaldy  of  cerebral  origin,  and  Berkholz  found 
the  cerebral  cortex  abnormally  irritable  aflrer  carbolic  acid.  The  mrity 
of  convulsions  in  man  has  not  been  satisfactorily  explained.  In  some 
cases  the  course  of  the  intoxication  is  too  short,  the  large  amount  of 
poison  swallowed  inducing  immediate  collapse,  while  in  others  their 
absence  may  be  due  to  the  debility  of  the  patient  from  disease;  but 
in  a  considerable  numlier  of  cases  of  poisoning  in  which  neither  of 


AJSTISEPTICS  OF  THE  AROMATIC  SERIES, 


401 


cxmdttioiis  was   present,  no  convoliiioas  were  ol)servrJ,     A  feini- 
^oontrast  l>etween  the  effects  of  a  poisttn  on  the  lower  iiiiimals  and 
has  been  mentioned  already  under  morpliiue.     In  all  cases, 
iniary  sthnulation   of  the  central  nervotis  system  is  followed  by 
.kill  and  paralvi^is  if  large  duscs  are  admintstei'etl. 
acceleration  of  the  Eedpiration  and  of  the  Heart  seen  in  mam- 
kis  has  been  supposed  to  be  an  indirect  result  of  the  increased  mus- 

Er  movement  and  convulsions,  but  this  seems  U*  be  incorrect,  for 
heart  is  found  to  be  accelerated  before  the  convulsive  movements 
tremor  appear,  and  the  frog's  heart   is  accelerated  in  cases  where 
10  movements  occur   w^hatever.     It   wrnild  seem    probable  tliat    the 
*^'nition   of  the  heart  is  due  to    direct  action  on  the  muscle  or  on 
alating  nerves.     The  subsequent  slowing  is  undoubtedly  due  to 
a.  '  tion. 

Icnition  of  the  respiration  precedes  the  increaseil  move- 
hi  would  therefore  seem  to  be  due  to  action  on  the  med- 

tAii^i>  .« iin>,  vvliich  is  first  stimulatetl  and  later  panilyj^ed.  The 
^iliKHiiiotor  centre  is  said  by  Cries  to  be  depressed  at  once  by  the  injec- 
tion of  airbi»Hc  acid  into  the  blood,  but  it  may  be  questioned  wliether 
U»o  is  not  first  exciteil  when  tlie  poison  is  absorbed  more  slowly, 
is  undoubteilly  depressed  in  the  later  stages  of  poisoning,  and  this, 
idler  with  the  weakness  and  slowness  of  the  heart,  caoscs  a  fall  in 
blood-pressure. 
The  peri  liberal  Nerves  and  Muscles  do  not  seem  to  l)e  aftecte*!  in 
I^Mjisoning  in  mammals,  although  in  the  frog  their  irritability 
the  capacity  for  work  of  tlie  muscle  may  be  somewhat  reduced. 
On  the  direct  application  of  solutions  of  carbolic  acid  to  the  nerves 
mudcles,  these  are  at  once  killed,  like  other  turms  of  living  matter. 
The  increase^  Segretii^p  nf  ^filivTt,  piTspiniiinn  anJ  tCiU^s  wliich  is 
b  poisoning  in  mammals  is  probably  of  central  origin,  and  may 
iblr  be  associated  with  the  nausea  and  vomiting. 
Th%  fall^iii  Temperature  in  curbHilic  acid  poisoning  seems,  for  the 
tti  part,  to  be  due  to  the  collapse,  although  it  is  impossible  to  state 
far  this  may  be  aided^iy  some  alterati(*n  of  the  regulating  func- 
,stich  as  is  seen  in  the  closely  related  group  of  the  antipyretics. 

lie  acid  addetl  to  the  defibrinated  Blood  leads  to  the  slow  forma- 

of  methjemoglobin,  but  tliis  does  not  occur  in   the  living  animal* 

t^ionally   some   destruction   of   the   red   blood  cells   is   caused   in 

through  the  injection  of  carbolic  acid  directly  into  the  blood 

i*,  and  in  one  case  of  poisoning  in  man  hferaoglobin  was  detected 

the  urine,  indicating  that  some  of  the  red  cells  of  the  blotxl  had 

!ri  df:*^tniyed. 

Excretion.  —  Ca  bolic  acid  pas.st\s  through  the  tissues  unoxidized  for 
ibe  most  part,  but  a  certain  proportion  of  it  undergoes  a  j>artial  oxida- 
to  hvdroquinone  ;^^)d  pvn>catechin.     These  combine  in  the  body 
sulphuric  and  glycuronic  acids,  and  are  excreted  in  jhiL  urine  as 
ible  sulphates  (ether  sulphates)  and  glycuronates  of  phenol,  hydro- 
one  and  pyrocatechin.     The  two  last-named  bodies  are  somewhat 
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in  fact,  in  many  clinics  in  which  it  was 


once 
man 


th 


e  on 


ly  anti- 


ptic  usedy  and  in  which  it  was  applied  in  all  the  manifold  prepara- 
Hons  then  known.  (♦arhHilic  acid  is  now  employed  only  to  preserve  the 
InHtrumentA  tVom  infeetion*  Thi?t  change  is  no  doiiht  partially  due  to 
apprelieniion  of  its  irritant  action,  and  to  the  occasional  cases  of  pois- 

Boning  which  occnrre*!  from  its  use,  but  cliiefly  to  the  alterations  in 
bar^ic'al   techni<ine  which   have  been  intrmliiced  since   the  antiseptic 
methixl  wjw  first  inventetL     The  tendency  now  is  fo  reduce  the  use  of 
antiseptics  U>  a  minimum  and  to  trust   instead  to  stricter  eleanlioesa 
4iud  asepsis.     Ite  irritant  action  and   the  danger  of  absorption  have 
also  rendered  it  unpopular  as  a  dressing  or  lotion  after  operations  or 
injuries,  where  there  is  any  large  absorbent  surface,  or  where  irritation 
littble  to  W  injurious,  as  in  must  forms  of  skin  disease. 
It  i»  still  used  as  a  disiuf^'ctant  in  septic  wounds,  though  greater 
reliance  i^  now  placed  on  otirnisive  sublimate  and  the  oxidizing  anti* 
ptics  such  as  hydrogen   peroxide.     Strong  carbolic  acid  has  bt^en 
iplJiiHl  to  disinfect  wounds,  its  jmhhiuous  eflects  being  avoided  by  im- 
tnediat*?Iy  wasliing  it  oft*  with  aletiiiol. 

Harrington  has  recently  drawn  attention  Xaj  the  danger  of  applying 
dilute  solutions  in  bandtige^  to  injnrcHl  fingers  and  hands ;  he  found 
nsoordti  of  over  a  hundred  cases  in  which  this  had  led  to  gangrene 
nf*eessitating  amputatitju. 

Carbolic  acid  has  also  been  em  ploy  e<]  tus  a  e^ustic»  the  liquefied 
^^repiiration  being  prefurn?d  for  tliis  purpose.  It  h  less  painful  than 
^Blber  oiusiics  owing  to  ita  anaesthetizing  action^  but  it  is  als^j  less 
^HfBeient. 

^B    Its  local  action  on  the  sensory  nerve  terminations  has  been  utilized 
^     In  itching  skin  diseases  and  it  may  be  noted  that  some  reci^nt  local 
a rtj«!st belief   are  iK'nzol    derivatives  (see  page  314),     The  treatment 
of  deep-seated   abscesses  and  inflammation  by  the   local   injection  of 
(•arUilic  acid  solutions  has  passed  into  desuetude,  and  a  similar  fate 

Clia^  lK*fallen  its  use  to  limit  the  extension  of  erysipelas.  The  spray  of 
kirbolic  acid  has  been  advist*d  in  laryngeal  and  pulmonary  disease,  but 
TO  stmnvly  met  with  in  recent  years.  A  solution  of  carl»olie  acid  has 
lii*i?n  employed  as  an  irritant  to  cause  inflammatory  reaction,  cicatricial 
•dhe>sion  and  consequent  obliteration  of  small  cysta,  such  as  hydrocele, 
and  in  mevus. 

Internally  carbolic  acid  was  tried  as  an  intestinal  disinfectant^  and 
in  many  infectious  fevers.      It  causes  marked  irritation  of  the  stomach, 
however,  and   prol>ably  little  of  it  reaches  the  Ixrwel,  as  it  is  rapitlly 
^■Ali>s«*rb€M^l,  and  other  less  irritant  and  les^  sohible  Imdieg  have  therefore 
^been  substitnC4Hl  for  it.     Its  use  as  a  remeily  in  constitutional  disease 
h  entirely  obsolete. 

It  may  be  prescribed  as  a  pill  or  in  capsules  for  internal  use,  as  the 
f^olutions  are  more  liidile  Ui  cause  irritanon  ;  only  the  pure  acid  is 
pnsfecribed  either  for  internal  or  external  application.  Crude  carbolic 
odd  way  be  emphned  to  disinfect  stools,  latrines,  etc.,  and  is  quite 
ODfioitod  for  ilierapentic  use.     The  ointment  is  comparatively  seldom 
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prescribed,  as  it  is  found  more  irritant  than  many  other  equally  power- 
tul  aiitiHeptics.  The  glycerite  may  be  used  as  a  very  weak  caustic. 
Solutions  of  carbolic  acid  in  oil  liave  little  or  no  antideptic  action, 
because  tliey  fail  to  penetrate  into  the  microbes. 

Poifioamg.  —  In  carbolic  acid  poisoning,  wheo  it  has  been  taken  by 
the  mouth,  the  linst  treatment  is  the  removal  of  the  jxiison  by  the 
stomach  tubc^  and  ilje  administration  of  demulcents  such  as  white  of 
egg ;  when  absorption  has  occurred  from  the  skin  or  from  a  wound, 
the  dressing  shoulil  be  removed  at  once.  Lime  suspended  in  syrup 
has  been  reoom mended  in  cases  in  wliieh  the  acid  has  been  swallowed, 
in  the  hope  that  an  insulol>le  combination  may  be  formed  in  the  stom- 
ach. The  C4)mbination  of  phenol  with  sul|Jiuric  acid  in  the  tissues 
forms  a  comparatively  harmless  body,  and  Ban  man  n  and  Preusse  there- 
fore sugf2;ested  the  administration  of  sodinni  sulphate  in  large  quanti- 
ties. It  is  found,  however^  that  this  is  of  little  or  do  use,  either  because 
the  tissues  iu  which  the  synthesis  occurs  are  entirely  paralyzed  by  the 
excess  of  phenol,  or  more  probably  because  the  phenol  does  not  combine 
with  sulphates  as  such  in  the  body,  but  with  organic  sulphur  com- 
pounds which  are  only  in  process  of  being  oxidized  to  sulphuric  acid. 
When  coma  and  collapse  set  in,  the  patient  is  to  be  sustained  by  the 
application  of  warmth  externally,  and  by  the  administration  of  such 
central  nervous  stimulants  as  caffeine,  atropine,  or  camphor ;  artificial 
respiration  may  eventually  be  use<],  altliough  there  is  little  prosj>ect 
of  resuscitation  if  the  intrixication  has  advanced  so  far.  The  corrosion 
mduced  hj  carbolic  acid  locally  may  be  treated  by  washing  the  part 
with  alcohol  which  dissolves  the  acid  readily*  This  treatment  has 
been  suggested  for  cases  in  which  the  poison  has  been  swallowed^  but 
it  does  not  seem  to  prevent  piisoning  in  animals. 
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CresoL 

The  three  cresols  are  nearly  n-lnted  to  carbolic  acid  chemically,  and  re- 
semble it  very  closely  iu  their  etiects.     Metacreaol  is  IciiS  poisouous  to  mam- 
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mata  Aod  less  irritant,  and  at  the  same  time  seems  to  Ue  more  tlestmctive  to 
microbes  than  ejirbolio  acid.  Orthocresol  Ls  mure  dangerous  than  carbolic 
acid,  and  paiUJ:re^ol  is  the  m<KSt  powerful  poison  of  all.  The  symptoms 
procluced  by  these  bodies  are  identical  with  those  of  phenol.  They  are  ex- 
<fi't4'd  as  eresol  double  suJphatea  mainly^  but  some  appears  in  the  urine  as 

^th^•  <ulphale  of  a  more  highly  oxidized  form,  dioxy toluol.      The  eremda  are 
corjstii  ucrits  of  the  tars  and  other  crude  antii^eptic  Fuhiitanees.     They  are 
only  slightly  soluble  in  water,  and  there  has  been  some  difliculty  in  render- 
iu^  tbeui  available  for  surgical  use,  but  this  hjis  been  overcome  by  forming 
emulsions  {erfolin),  or  by  dissolving  them  with  the  aid  of  salts  (noleeol,  9ot- 
uloi)  or  suspending  them  by  means  of  stiaji  {lysolj.     These  are  not  claimed 
\      to  be  pure  preparations  of  cresol^  but  the  three  isomerie  eresols  have  recently 
kAeeo  introduced  as  tncreftoty  which  dissolves  in  water  to  the  ext^'nt  of  2^  per 
^^€ent.     These  preparations  are  not  devoid  of  poisonous  properties,  as  is  often 
[     tflAled  by  interested  individuals,  but  they  are  not  so  dangerous  as  cjirbolic 
I      Add*     They  are  used  chiefly  as  surgical  antiseptics,  butcrcK)lin  hiis  also  been 
^ven  as  an  int-estinal  disinfectant,  although  with  indifferent  results.     Their 
value  as  surgical  antiseptics  hris  been  denied  by  some  writers  and  there  is  no 
question  that  it  htus  been  much  overrated  by  others.     Kreaamin^  (ethylendi* 
amine  and  tricresol)  is  said  to  Ih>  more  strongly  antiseptic  than  tricresol,  and 
has  been  recommended  in  iliseases  uf  the  skin  as  an  ointment  or  sohition, 

▲nisol  and  Phenetol,  the  ethet*sof  c4irbolic  acid,  resemble  it  iu  their  elfeets 
and  have  no  practical  or  theoretical  interest. 

BlBLIOGUAPHY. 
StU^oid,     Ztfchr.  f.  Hygiene,  xxix.,  p.  377. 


ThymoL      *\  ^ 


Another  phenol  homologue  is  thymol,  which  resembles  carbolic  acid 
ciottely  in  its  action,  though  it  causes  less  central  nervous stimtUation.  Con- 
TtlliiioQs  and  tremors  are  rarely  induced  in  either  f^ogs  or  mammals,  and 
when  present,  are  very  much  less  intense  than  those  following  curholic  acid. 
The  animal  generally  sinks  into  a  comlition  of  apathy  and  weakness,  which 
gradually  passes  Into  collapse  and  death.  Thymol  is  less  soluble  in  the 
tluitis  of  the  body,  and  is  therefore  absorbed  more  slowly  than  carbolic  acid. 
It  is  also  less  irritant  to  wounded  surfaces  and  is,  according  to  most  observ- 
ert,  considerably  more  poisonous  to  putrefactive  organisms,  while  less  pois- 
onous to  the  higher  animals.  In  poisoning  from  its  use,  fatty  degeneration 
of  the  liver,  marked  cougestton  and  even  consolidiition  of  the  lungs,  and  ir- 
ritation of  the  intestines  have  Imen  observed.  It  is  excreted  in  the  urine  in 
combination  with  sulphuric  and  glyeuronie  acids,  partly  unchanged,  partly 
ojddiaod  to  thymol hydroqui none.  There  is  also  found  in  the  urine  a  green 
coloring  subotanee,  w^hich  becomes  blue  on  the  addition  of  acid,  and  whtcii 
aeenis  nearly  related  to,  but  not  identical  with  indigo.  Thymol  is  said  to 
be  more  liable  to  cause  renal  irritation  than  carbolic  acid  and  albumin  and 
«vcn  blood  have  been  repeatedly  observ^ed  in  the  urine  after  its  absorption. 
Tk^»Ml  (U.  !4.  P.,  B.  R)  (C^H^C,H,OIt,OH)  wcurs  iu  common  thyme 
nd  8«»veral  other  plants,  and  forms  large,  colorless  cr>stals,  w hich  have  the 
lor  of  thyme  and  are  ver^'  insoluble  in  water.  0.03-0.2  G.  (j-li  grs.)  in 
pills  or  in  solution  in  dilute  alcohol. 

Thymol  seems  to  have  some  advantages  over  phenol  as  a  surgical  disin- 
fectant, but  has  never  attracted  much  attention,  though  it  has  been  used  oc« 
oaaionally  aa  an  antiseptic  lotion  in  xV  P*^^r  cent,  solution.  X?  an  internal 
remedy  it  has  proved  a  failure  in  the  treatment  of  various  constitutional  dis* 
caoco,  sucli  aa  acute  rheumatism,  phthisis  awl  typhoid  fever.  It  is  said  to 
hikve  aome  value  aa  an  intestinal  disinfectant  and  anthelmintic,  an<l  has 
been  used  as  an  antiseptic  mouth-w^asb  and  gargle,  for  which  carbolic  acid 
is  rendered  unsuitable  by  its  unpleasant  odor  and  its  corrosive  action. 
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Eucalyptol. 

Eucalyptol  (Cjj,H,^0)  is  the  chief  constituent  of  oil  of  eucalyptus, 
is  obtained  from  Eucal>^tiis  globulus  and  &ome  other  Bpeciei>,     \\  u\ 
ooQtained  in  the  oil  of  eajuput  and  in  other  volatile  oils.     It  has 
commended  as  a  i^nrgieal  antiseptic  and  in  the  same  class  of  internal  du 
as  thymol^  btit  does  not  seem  to  have  any  special  virtues  distinguishii 
from  the  ^neral  class  of  volatile  oils. 

Kucahjptol  (U.  S.  P.),  a  colorless  fluid »  having  a  chanxeteristic,  camp 
aceous  odor  and  a  pungent,  ^piey^  cooling  taste.     It  is  almost  insolttbitol 
water,  but  is  miscible  with  alcohol  in  all  proportiona. 


Resorcin. 

The  three  dioxybenzols — resorcin^  p\"Tocateehin  and  hydi>oqiilnone- 
Bcmble  carbolic  acid  in  their  efiects,   but  produce  a  more  intense 
lation  of  the  central  nervous  system,  for  convulsions  have  been  obsen^e 
man  after  their  Ui^e,     This  is  especially  true  for  the  two  last,  resorcin  I 
much  less  toxic  than  these.     Resorcin  seems  to  be  equally  or  more  «ir 
antiseptic  than  pheuol,  and  is  somewhat  less  poisonous^  while  the  otbem  j 
more  ilaugerous  ;  it  is  less  irritant  and  caustic  than  cai'bolic  acid.     All  t* 
dioxybenzols  are  excreted  in  the  urine  in  combination  with  sulphuric  I 
glycoronic  acids.     They  are  in  part  subjected  to  further  oxidation,  leodii 
eoloraliun  of  the  urine  similar  to  that  seen  in  carbolic  acid  poisoning- 
catcchin  and  hydrot|uiaone  when  added  to  blood  form  methsemoglohin  mij 
more  readily  than  phenol,  and  also  tend  to  form  it  in  the  body  when  f 
intoxication  does  not  progress  too  rapidly  to  allow  of  this  alteratiou  in  1 
living  animal.     They  cause  a  much  greater  destruction  of  the  red  bloofl  ( 
than  jihenol. 

Jiesorchum  {V.  S.  P.),  resorcin^  metadi ox y benzol  (C^H^(OH),),  colorlaj 
very  soluble  crystals,  with  a  faint  aromatic  odor»  0.3-0.6  G,  (5-10  grs,)^ 
G.  (45  grs.)  in  24  hours. 

Kesorein  is  a  remedy  which  has  fallen  into  almost  complete  disuse, 
first  introduced  as  an  antiseptic^  it  was  prescribed  for  a  short  time  ft* I 
antipyretic,  but  has  proved  as  nusuitable  for  this  purpose  as  carbolic  «ci<l  o^ 
aniline,  which  reduce  fever  temperature,  but  cause  symptf*ms  of  collap^  vei>' 
readily.  It  has  been  u^^ed  as  an  in  I  est  inn  1  aniiscptic  and  in  rheumatic  fevff, 
but  has  here  ajrain  been  siipphitited  by  less  dangerous  remedies.  Asjuiei* 
teraul  ojapliratioii,  it  has  been  applied  in  ointment  (5-10  per  cent.)  in  skin 
di^^ea-^es,  nnd  has  been  injected  in  cystitis  and  gonorrhcea  in  suhition  il-5 
per  cent.)  hut  in  both  cases  is  liable  to  produce  irritation  and  paia.  AsiD 
internal  remedy  it  should  be  prescribed  in  dilute  solution  (1-2  per  centA 
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2.  Pyrogallol. 

PjTogallol,  the  only  trioxybenzol  tliat  has  bc^n  largely  u^socl,  pro- 
^f/ot^  nervous  syniptoais  resembling  those  of  carbolic  acid,  when  give ti 
,very  large  do^es  to  animals.  In  the  cases  of  poisoning  which 
\M*eu  observed  in  man^  the  symptoms  of  which  closely  resemble 
outsell  by  smaller  quantities  in  animals,  these  nervous  symptoms 
been  almost  entirely  absent,  and  the  poison  acted  not  .'^o  much 
ly  on  the  central  nervous  system,  as  u|Jon  t!ie  IdfHjd  corpus- 
Many  of  the  other  members  of  this  series  canse  st>me  destruc- 
rf  the  red  cells,  but  none  of  tliem  approach  pyrogidlol  iii  the  inten- 
of  their  eflFects^  The  red  blood  cells  become  shninfcen  and  atigtdar 
most  of  their  hfemoglobin,  which  escaj>es  into  the  j)hLsma  ami 
intomethiemoglobin  ;  t!ie  blood  therefore  assumes  a  l)niwn- 
oolor,  which  may  be  detected  in  the  living  animal  by  the  dis- 
II  of  the  skin  and  mucous  membranes.  If  the  intoxication  is 
aoute^  icterus  follows,  and  hjenioglobin  and  met  haemoglobin  are 
ed  in  the  urine.  In  the  l)lood,  fragments  of  red  cells  and 
<h;tdiiws,"  or  red  cells  deprived  of  their  coloring  matter,  are  seen  in 
i ambers,  and  the  s|>ectrum  of  methiemoglobiu  i^ii  lie  obtained 
The  kidneys  are  also  affected,  and  the  resulting  nephritis 
indicated  by  the  presence  in  the  urine  of  albumin,  epithelium, 
cast^f  along  with  the  products  of  t!ie  deconijK)sition  of  the 
Tlie  nephritis  may  lead  to  unemic  convulsions,  wliicli  are 
accompanied  by  the  nervTins  tremnrs  characteristic  of  this 
and  al*o  by  dys|in*ea  and  cyanosis  from  the  lack  of  hsemoglo- 
in  the  bhiod.  The  formation  of  mellucrnHglubiu  is  generally  be- 
ed  to  be  connected  with  the  well-known  reducing  properties  of  py- 
liol,  but  wliether  the  methieraog!(>l)in  is  a  direct  result  of  the 
Itiction  caused  in  the  haemoglobin,  or  Avhether  a  secondary  oxidatiotj 
mpanies  this  action,  is  unknown.  Pyntgallol  is  excreted  in  part 
c^mihination  with  sulphuric  acid  in  the  urine,  in  jiart  as  unknown 
i'lized  products,  whicli  give  the  urine  a  ihrk  Uruwn  rjr  black  c<dor, 
'^n  when  no  blood  pigments  are  contained  in  it.  In  fatal  jwisouing 
seems  to  be  due  to  the  blo<)d  changes,  and  the  consequent  ne- 
n\m  and  jaundice,  rather  than  to  the  direct  effwH  of  the  drug  on 
le  central  nervous  systejn.  It  has  btX'U  stated  that  the  debris  of  the 
1  hhym]  cells  fails  to  pass  through  the  caf>i Maries  and  thus  leads  to 
T^'mhusis^  but  this  luis  lieen  denied  by  later  investigatoi*s, 
THe  skin  is  dyefl  brown  when  pyrogallol  is  applied  to  it,  from  the 
of  oxidation  formed. 

hrogallol  (U.  8.  P.),  pyropillie  acid  (C^IT,{nH)/),  light,  colorless  cry stala 
I W  Urn  ilia'  when  fre^shly  preiiarecL  winch  rapidly  lussume  a.  darker  color  oa 
|tiJKinire  to  Ught  and  air.     It  is  very  solulde  m  water  and  reduces  the  salts 
*i  the  beiL\^  metals  even  in  the  cold.     It  ia  used  only  externally. 

*7't»^llol  is  used  in  the  treatment  of  several  forms  of  skin  disease, 
illy  in   psoriasis,  in  which  it  is  applied  in  ointment  (^'j- 20  per 
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cent).     It  is  daiigt?rous  to  apply  it  to  very  large  surfaces^  hom 
and  many  authorities  therefore  advLse  the  use  of  chrysarobin  ial 
ead.      Pyrogallol  ought  never  to  be   used  internally.      Its  cur 
[jtion  in  skin  diseases  may  be  due  to  its  sliglit  irritant  and  andsej 
properties,  but  is  referred   by  some  to  its  reducing  action,      Gg 
pf i mone  (CH,^ — (X3  — C^HjOH)^)  has  been  recommended  as  a  soli 
tute  for  pyrogallol  in  skin  affections. 
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3.  Naphtalm  and  Naphtol  (Naphtliol). 

Naphtalin  and  its  compounds  alpha- and  bcta-naphtol  differ  in  i 
respects  iVoiu  the  other  members  of  the  series.  They  are  all  insuluJii 
in  water,  but  the  naphtols  are  dissolved  in  the  alkalies.  Some  q« 
tion  has  arisen  as  to  whether  Haplitaliii  is  really  an  antiseptic  in  it 
or  whether  it  owes  it8  activity  to  the  formation  of  the 
soluble  naphtols.  Animals  ]K>isoned  with  it  do  not  exhibit  the  on 
nary  symptoms  of  poisoning  witli  an  aromatic  body,  even  when  itl 
administered  for  several  weeks,  but  suffer  from  diarrhoea  and  lose  fllj 
rapidly,  eitlier  from  disturl>ance  of  the  alimentary  canal  or  from 
disonk*r.  The  urine  soon  contains  albumin,  casts  and  epithelium,  i 
the  kidney  is  found  in  a  condition  of  parenchymatous  nephritis, 
changes  in  the  eye  caused  by  naj)htaliu  and  naphtol  have  excited  i 
interest.  Tlie  retina  is  seen  with  the  ophthalmoscope  to  be  doti 
over  with  numerous  bright  points,  or  sometimes  to  contain  large  yelloj 
plaques,  and  after  large  doses  subretinal  effusion  has  been  oliser 
At  the  same  time,  atrophy  of  the  optic  nerve  may  occur,  and  brig 
[wiuts  are  secui  in  tlie  vitreous  humor  similar  to  those  in  the  retin 
A  slight  cloudiness  appars  in  the  lens  and  increases  mpidly  uduIj 
becomes  quite  opa*|ue  and  resemldes  an  ordinary  cataract  in  man. 
does  not  seem  to  be  secondary  to  the  retinal  changes,  but  is  the  i 
tvf  an  inflammatory  infiltnition  beginning  in  the  cilitiry  body  and 
and  e.X'teuding  into  the  lens  and  finally  into  the  posterior  surface  of  tl 
cornea.  These  changes  in  the  eye  have  generally  been  obstTved  i 
animals  treated  with  lai'ge  doses  of  naphtaline  or  naphtol,  and  havei 
occurred  in  sucli  intensity  in  man  ;  but  v.  d,  Hoeve  stiites  that  oo«i- 
mcneing  retinal  degeneration  may  be  induced  in  man  by  the  u^  of 
uapluc^l  internally  or  externally  and  cautions  against  its  prolonged  »<)' 
ministration. 

Large  dtKses  of  the  Naphtols  induce  symptoms  similar  to  thos«  of 
t^aHrtdie  acid  poisoning,  exct^pt  that  in  the  dog  no  convulsions  hnvc 
hvvu  i>bserv(Hl,  and  in  the  other  mammals  they  seem  less  pronounce!- 
Tliry  art*  irntntiug  to  the  mucous  membranes  when  they  come  in  cou- 
tni'1   with  theui  in  solution  or  in  vapor;  thus  they  cause  SDeestngsod 
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coughing  when  applied  to  the  respiratory  passages,  and  in  the  course 

Kcretion  induce  pain  in  the  bhidder  and  urethra  with  strangury  and 

ling  of  the  mucotis  membrane.      Injected  subeiitanfH>U8ly  or  al»- 

aorbed  fnim  the  alimentary  canal  in  animals,  they  induce  acnte  nephritis 

with  the  appearance  of  albumin  and  hietnuglobin   in  the  urine,  and 

some  nephritis  hiis  been  caused  in  man  from  their  external  application. 

They  secra  t4>  have  less  effect  on  the  circulati^m  and  respinition  than 

the  other  aromatic  antiseptic&,  but  resemble  tliera  in  tending  to  destroy 

the  nxl  <^lLs  of  the  blood.     Alpha-naphtol  has  been  fiiuod  to  be  more 

1     strongly  antiseptic  than  the  l>eta  com  pound,  and  may  be  more  jwison- 

ocm,  as  is  generally  stilted,  lint  no  sattstVietury  investigation  has  appeared 

I     regarding  this  pc>int.      Beta-naphtol  is  several  times  as  strongly  ger- 

micidal  as  carbolic  acid,  and  is  the  form  used  in  therapeutics. 
I  Naphtalin  is  partly  oxidized  in  the  tissues  and  appears  in  the  urine 

l^jtt  alpha-  and  beta-naphtol  and  napUtoquiuonCj  all  in  CDmhination  with 
jRjIycuroiiiP  and  sulphuric  acid.  The  na|ihtols  are  excreted  in  combi* 
r  nation  with  glycuronic  acid  mainly.  These  bodies  and  their  oxidisscd 
'  jinnlucts  give  the  urine  a  reddish-brown  tint,  which  may  l>econie 
deeper  on  exposure  to  the  air,  but  in  some  cases  it  retains  its  ordinary 
color* 
^  Preparations. 

^B  Napthalinnm  (U.  8.  P.)i  naphtalin  or  nuphtaleue  (C,^HJ,  eolorless,  msolu- 
^^H^  crj-stalA  witli  a  coal«tar  odor  and  a  hot  aromatic  taste.  0/06-O.il  O. 
^n^  grsO. 

^^  Naphtol  (Up  8.  P.),  Naphthol  (B.  P*),  Beta-naphtol  (C,oH,OH),  white 
'      ar  yellowish -white,  insoltible  crystals  or  powder^  with  a  faint  phenol  odor 
and  a  hot  t«iste.     0.2-0.6  G.  (3-10  grs,). 

;  Therapeutic  Uses*  —  Xaphtalin  and  naphtol  were  at  first  introduced 

as  external  applications  in  parasitic  skin  diseases  of  various  forms,  but 

have  been  more  extensively  prescribed  as  intestinal  disinfectants.     In 

some  disorders,  such  as  diarrhcea,  in  which  the  walls  of  the  intestine 

are  only  secondarily  affecte^.1   by  the  putrefaction  of  the  aintents,  they 

ive  proved  very  efficacious^  but  when  the  intestioaJ  walls  themselves 

the  seat  of  the  primary  disease,  as  in  typhoid  fever  and  dysentery, 

bev  arc  of  un>re  doubtful  value,     Thev  hnve  bwu  emtdoyed  as  an- 

[lelraintit^  to  a  limited   extent,  and   apparently  with  some  success, 

bough  they  liave  not  prove*!  so  reliable  as  siime  of  the  older  drugs 

<!  for  thi^  purpose,     Naphtol  is  more  largely  use<1  than  naphtalin  in 

Sternal  mtHrutution,  and  may  lie  prescribed  as  a  |it>wder  or  in  capsules. 

They  are  used  externally  as  ointmi^uts  (r»-10  per  r^nt).     Naphtalene 

Enl  naphtol  ought  to  be  avoided  iu  irrittitiou  of  the  kidneys,  bladder 

or  urethni, 
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4.   Tar* 

The  action  of  the  various  crude  preparations  of  the  antiseptic  i 
reeemblea  that  of  the  pure  principles  hut  as  in  most  of  them  the  < 
sulsi  guaiacok  and  other  less  poisonous  aromatic  compounds  are  pn 
in  larger  i|uautity  than  the  |)hcuols  and  dioxyl>enzols,  they  are 
puiHUJou??  tlran  earlxilie  acid  and  its  simpler  homologue.s.  At  thes 
time  these  higher  combinations  do  not  Mcem  to  he  much  lea^  aotisfji 
than  the  simpler  benzol  derivatives,  so  that  several  of  the  crude  pn 
rations  i>ossess  coiitiiderable  value  in  surgery  aud  mediciae* 


Preparatioxs, 

Pw-  Liqtiida  (U.  8.    P.,  B.   P.\  tar,  is  obtaiiied  from  the   wood  of  Pil 

pahustris  and  other  species  ot  Pimis  by  tle^trurtive  distillation  and  coati 
u  very  hu'^etmuiberof  tiromutic  bodies  mixed  with  otliei's  of  less  iiuportM 
Oleum  Phis  IJquidie  (U.  B.  POi  oil  of  tar,  is  a  volatile  oil  distilled  i 
tar,  and  la  similar  to  t-reosote,  excejit  tliat  it  eonsists  almost   eiitirely  I 
guaiaeols  und  their  eonipouads.     0.05-0.3  e,c.  (1-5  mins.)» 

St/nrptts  rith  Li  quid ir  (U.  8.  P.),  syrup  of  tar,  4-12  c.c.  (1-3  fl.  drs.), 

Vng  it  e  Ilium  Pic  is  Liqukhe  (U.  S.  1\,  B.  P.). 

IHx  Carhvni^  Prirptintta  (U,  P/),  prejtared  coal-tar, 

Liqtfvf   Picu  Carbonis  {B.  P*),  a  soluiion  of  ctial-lar  in  tincture  of  < 
laiii  bark. 

Oleum  Cadiiium  (U.  S.  P.,  B»  P.),  oil  of  eade  orenipyreumatic  oil  of  junipl 
Juniper  tnr  od  is  the  tar  distilled  from  the  juniper,  and  contains  dioxybi 
and  (jTUiULkeol  eombinations.     It  Ls  le^ss  strongly  disinfectant  than  the  ( 
tars. 

Tur  m  a  valuable  disinfectant,  whicli  is  ver>'  generally  available  a 
is  raueh  eheaper  tluiu  tlie  purer  Ixvdies  of  the  aromatic  series.     It  mi 
be  used  tor  the  di.siufeetiou  of  exeremeuta,  latrines,  etc.,  vs^herethec 
of  even  crude  ear  bo  lie  acid  wcmld  he  prohibitive. 

Tar  lias  also  l>eeii  used  with  cousidenible  success  as  an  antiseptic! 
skin  diseases,  in  which  it  may  be  applied  either  aloue  or  as  an  oi«^ 
ment  It  is  otdy  slightly  irritating  to  the  skiuj  and  some  al>&4jr|tti'^^ 
occurs,  as  is  often  seen  by  the  dark  color  of  the  urine.  Inten^iilKi^ 
ha.s  been  used  occasionally  as  an  anthelmintic  and  intestinal  diVini**' 
tant,  much  more  frecjuently  as  an  **  exf>ectorant "  in  cough  mixtun^» 
Whether  it  has  any  eifeets  on  the  lungs  or  not  in  these  ca^es  may 
questioned.     It  is  generally  given  as  tiie  syrup,  sometimes  as  tar  waU 
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Creosote. 

reoecyle  may  be  regarded  as  a  wood-tar  from  which  tlie  morp 
imoiis  phenols  and  the  less  volatile  bodies  liave  been  eliraiiiatetlT 
ing  guaiacols  and  ereosols  as  the  chief  cniistitueDts,  Its  aetiou 
imUar  to  that  of  carbolic  acid,  excefit  that  it  has  less  tendency  to 
lioe  oervous  symptoms,  and  is  less  irritant  and  poisonous.  On  tlie 
haocl,  it  seems  at  least  as  strongly  antiseptic  as  carbohc  acid,  antl 
ordiog  to  some  investigators,  far  excels  it  as  a  germicide. 

Preparatioks, 

OfeoBOtmn  (TJ.  S.   P.,  B.  P.)  is  obtained  from   wood-lnr,  preferably  from 

:h  uir,  ttud  i.-^  an  almost  robirless  oily  liqiiirl  with  a  suuuky  udor  and  bot^ 
irolag  acrid  taste.  U  is  sligbtly  solublt;  iu  wuter,  tntt  mixes  readily  with 
kohoi.  It  t«Qds  to  darken  in  color  when  ex|ios<?d  to  the  light.  0.06-0.3 
c  (1-5  miii^/). 

Aqm  Crtmoti  (U.  S.  P.),  a  very  dilute  solution  of  oreosote  in  water,  less 

>aoae  per  cent.     2-8  c.c.  (J-S  fl.  drs.). 

MUtura  Cr€(t»oti  (B.  P.)  containing  spiriU  of  juniper,  J-1  fl.  oz. 

V^uentnm  Creosoii  (B.  P.). 

Cmj^l^  may  he  administered  in  pilli^j  capsnlet!^  in  solution  in  alcohol  or 
fod-liver  oil,  or  as  a  mixture  (B.  P.)-     'I'^i*^  wine  of  cieo,soti\  which  btvsbeen 

popular  remedy,  contains  it  di.^soh  ed  in  wine  aloiif?  with  some  brandy 
^  liucture  of  gentian.  It  ought  not  be  allciweii  to  reach  the  mucoua 
BUfmneB  in  a  concentrated  form,  an  it  is  liable  to  irritate  them. 

fbempeatic  Uses.  —  Creosote  is  cora|mratively  .«M?ldora  ti.^ed  except 
iu  the  treiitinent  of  ptdrnonary  phtliisis  arid  ginigreiie,  and  chronic 
bpiochia!  inrtammation.  It  is  general ly  given  by  the  nuRith  in  these 
bdt  has  also  been  injecteil  hypodermitijtlly  or  into  the  recttim ;  tlie 
"^r  !g  recommended  an  an  inhalatitm,  and  sonae  practitioner^^  have 
wijttted  creosote  S4>Iiition  iiitf*  the  traeliea,  in  order  to  ensure  its  reach- 
ijigthe  Inng^,  None  of  these  mcthfjtls  are  Ixdieved  to  give  such  good 
itsultsas  the  ordinary  adininiytration  by  the  niontlu 

The  resalts  of  creosote  medication  are  still  dij?putet].  Many  clin* 
tpims  slate  that  a  general  inipruvement  folInwH  it  in  phthisical  pa- 
tot^,  that  the  ap|K*tite  is  ini|>nnHNl,  the  cough  nnd  expectoration  les- 
an<l  that  tlie  patient  feel.s  stronger  antl  better.  On  the  other 
(Others  are  extremely  sceptical  as  to  any  Ijcnefits  arising  from 
creosote,  and  regard  it  as  merely  one  of  the  conn  1 1  ess  remedii^s  whieli 
"ive  l)een  recom mended  in  tliis  c^joditjon^  and  which  after  a  shorter 
wlnng^er  periml  of  popularity  have  [»as^cd  into  ohlivifm. 

It  ia  generdUy  supposed  by  llie  advocates  of  the  creosote  treatment 
ib^tlie  remedy  destroys  the  tubercle  bacillus  in  the  lungs  throut^fi  its 
Hkptic  properties.  On  the  other  hand,  iinimals  infected  w^ith  lut>ercle 
™  tretited  witli  creost>t<'  dic^  as  soon  as  controls  which  are  untreated, 
^"id  the  gputnm  of  phthisical  patients  treated  wilh  creosote  is  as  viru- 
'^it  as  that  of  others  not  so  treated.  Besides,  the  administration  of 
^^^mte  by  other  ways  than  by  the  mouth  is  siiid  to  be  very  much  less 
*^ioa8.     Another  explanation  of  t!ie  crtnisole  action  is  that  it  acta 
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as  an  intestinal  antiseptic  and  prevents  the  secondary  infection  of  the 
bowel ;  bnt  it  ha^  l>een  objected  t*>  this  that  the  other  intestinal  anti- 
septics are  of  little  value  in  tnbercnlosis.  It  seems  usfk"i?s  to  specu- 
late on  the  method  of  action  until  it  has>  lieen  definitely  determined 
that  creosote  is  of  value  in  phthisic,  and  this  can  be  done  only  by 
careful  statistical  itHjuirj'.  The  luedioal  profession  seems  to  have  much 
less  faith  in  the  effieaey  of  the  ereosote  treatment  than  it  had  a  few 
years  ago,  when  it  was  not  generally  reei:)gnized  that  pulmonary  tuber- 
culosis is  cunible  by  hygienic  measures  in  a  considenible  proportion  of 
LQstanoes. 

Creosol,  an  ether  of  dioxy toluol,  is  contained  in  creosote  and  other  wood«] 
tar,  and  hasj  as  fur  as  is  known,  efleet,s  similar  to  those  of  the  allied  bodie 
but  has  nut  buen  investigated  so  carefully  a^  some  of  the  others^ 

Guaiacol^  tlie  methyl  ether  of  pyrocatefhin,  »cems  to  he  somewhat  more' 
poisonous  than  carbolic  acid  aeeording  to  Marfuri,  whose  preparations, 
however,  were  by  no  means  pure.  The  symptoms  inrhiceft  were  those 
eharaeteristic  of  the  series,  but  it  is  desirable  that  the  loxieity  of  giuiiaeol 
should  Ik^  ascertained  more  acrurately,  as  it  forms  an  important  ingredient 
of  tars  and  other  erode  remedies. 

Giiaiacol  Carbonate  seems  to  have  the  same  eflfects  as  guaiacol,  as  far  as 
they  have  been  investigated. 

It  was  found  a  few  years  a^o  that  guaiacol  applied  to  the  skin  over  a 
sufficiently  wide  area  produced  a  marked  fall  of  leinjuTature  in  fever,  but 
this  doe^  not  seem  to  l>e  any  specific  elTeet  of  j2fuaia<"fd,  and  would  probably 
have  resulted  from  the  application  of  any  other  etiually  volatile  meml^er 
of  the  group.  The  exi>Ianation  is  that  a  certain  proportion  of  the  guaiaeol 
applied  is  absorbed  from  the  skin,  and  the  fall  of  temperatore  is  one  of  the 
symptoms  of  poisoning.  Considerable  i[uati titles  of  guaiacol  have  l>een  re- 
covered from  the  urine  after  this  method  of  medication.  At  the  same  time, 
it  is  probable  that  the  irritation  of  the  skin  may  also  prtKluce  an  alteration 
of  the  output  of  heat  throujrh  a  reflex  etfect  on  the  vaso-motor  centres. 
The  fall  of  trmpemtiu'e  is  generally  abrupt  and  is  accompanied  by  some 
exhaustion  and  weakness,  and  by  profiise  perspiration.  The  tempemlure 
soon  vises  again  to  its  former  height  with  shivering  and  rigoi"s,  and  there 
seems  good  reason,  therefore,  %vby  guaiacol  should  not  be  classed  among  the 
more  satisfactory  antipyretics. 

Guaiacol  has  been  administered  a.s  a  substitute  for  creo^ot-e  in  tubercular 
disease.  It  is  generally  given  in  solution  in  alcohol  or  cod-liver  oil,  or  iu 
pills.  Dose,  0JJ5-0.2  G.  (1-3  grs.).  It  has  also  been  injected  hypodermi- 
eally,  but  has  not  had  such  good  results. 


IchthyoL 

Ichthyol,  thiol,  and  similar  bodies  possess  some  antiseptic  action,  although 
they  ai*e  believed  to  l>e  less  powerftil  than  carbolic  acid.  Applied  to  the  skin, 
ichtiiyol  causes  slight  irritation,  which  is  apparently  of  benefit  in  some  cu- 
tancfvus  diseases,  and  it  has  therefore  iieen  used  extensively  for  this  action. 
It  is  said  to  cause  marked  contraction  of  the  vessels  when  it  is  applied 
locally,  but  this  retpdres  confirmation.  A  certain  amount  of  absorption  oc- 
curs when  it  is  rubbed  into  the  skin,  for  the  sulphur  of  the  urine  has  been 
found  to  l>e  augmented.  Taken  internally  io  large  quantities,  it  tu'ts  as  a 
gastric  and  intestinal  irritant  and  prodtices  diarrhtea,  but  it  is  only  verj' 
feebly  poisonous.  It  has  been  said  to  lessen  to  a  marked  extent  the  nitro- 
genous metabolism^  but  this  seems  incorrect,  for  llelmers  found  only  a  very 
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.and  Inconstant  fall  m  the  nitrogen  of  tlii^  urine  in  miin.     It  is  ex- 
\hk  the  urine  and  probably  by  the  intestinal  wall. 

liyol  has  been  strongly  recommended  in  the  treatment  of  a  number  of 
i  dSaeaac3y  inckidiug  erysipehis.     It  Is  generally  need  as  an  ointment  eon- 
equal  parts  of  ichthyol  and  of  vaseline,   but   may  be  u^ed  in  ten 
LOent.  or  even  weaker  diluiton.     It  has  also  been  advised  a^  an  applica- 
er  Inflamed  and  rheumatic  joints,  indurated  glands  and  awellings^  and 
!  Indammations  of  the  peUac  viscera,  and  is  aaid  to  eunse  the  absorp* 
"nf  the   products   of   inflammation*     Its  eftects   can    be  explained  in 
B  only  by  the  slight   irritant  action  on  the  skin.     It  has   been 
t  internally  in  pills  or  capsules  in  doses  of  (K2-0.5  G.  {S-S  gr^.)  in  cases 
eumatbni,  erysipelas,  and  in  many  ehrouie  diseases,  but  seems  of  very 
"  benefit .     In  fact>  ichthyol  has  in  the  last  few  years  been  enthosastic- 
r  praised  as  a  remedy  in  the  most  diverse  conditiondy  and  it  seems  prob- 
i  that  its  sphere  of  utility  will  be  very  much  more  restricted  in  the  future, 
» does  not  disappear  from  therapeutics  entirely. 

BrBLIOGRAPHY, 

E  Ahd,    CentfalbL  f.  Bacteriolo^ie,  xiv.,  p.  413, 
SSudxr.     MooatBh.  f.  prakt.  Dermatol  ogle)  1886,  p,  547. 
Bdmen,     Virchow'B  Arch.,  cxxzv.,  p*  135. 

6.     Salicylic   Aiiid. 

Salicylic  acid  differs  fram  phenol  chiefly  in  being  very  much  less 
ij)Qtsoaoti5  to  the  higher  animals,  while  it  is  practically  of  equal  an- 
llB^ic  value,  provided  the  couditiouB  are  favorable.  The  salicylates 
Ifroduoe  the  same  effects  as  the  free  acid,  excepting  that  they  are 
Inoch  Ies3  irritaut  to  the  skin  and  mucous  meoibranes*  It  was  for- 
hfterly  stated  tliiit  the  salicylate  of  soda,  which  is  the  only  salt  that  lias 
jbecQ  largely  used,  was  devoid  of  antiseptic  action,  but  this  has  been 
Idkown  to  be  iuoorrect. 

AnUseptic  Action.  —  Salicylic  acid  retards  tlie  digestion  of  protcids 

hy  the  gastric  and  pancreatic  joiees,  and  tlie  decomposition  of  glnco- 

hsides  by  the  unorganized  ferments,  but  how  far  this  effect  is  due  to  tlie 

foe  acid,  and  how  far  to  a  specific  autifernicnt-actiou,  cannot  be  defi- 

luilely  stated.     The  putrefaction  of  proteid  soUitioas,  and  the  alcoholic 

'  »ad  acetic  acid   fermentations  are  also  retarded,  or  entirely  prevented 

Wtlie  presence  of  a^mparatively  smalt  quantities  of  satieylic  acid  or  of 

[  tie  salicylates,     Tht^y  offer  some  pfmits  of  contrast  with  carbolic  acid, 

bowrever,  fur  it  is  found  that  if  much  proteid  be  present  the  salicylic 

\  pneparatioDS  are  geuemlly  less  efficient  than  phenol ;  this  is  perhaps 

j  due  to  the  phenol  being  volatile  and  therefore  penetrating  more  readily 

liod  forming  less  stable  combinations  with  the  proteid.     Salicylic  acid 

otlier  hand  does  not  evaporate,  and  therefore  preserves  bodies 

fU^  ex(3o.s*^d  to  the  air  for  a  longer  time  than  carbolic  acid, 

Rii  sfjuin  dissipated.     These  considerations  may  perhaps  explain 

very  different  residts  which   have  been  olitained  l>y  clilferciit  ob* 

ervers  in  regard  t*j  the  comparative  germicidal  power  of  these  snl>- 

.    The  movements  of  plant  protoplasm,  protozoa  and  leucocytes 

BTented  by  ealicylic  acid  as  by  quinine  and  the  other  aromatic 
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Imtant  Action.  —  Salicylic  acid  is  much  less  irritant  ih^ 
but  when  It  IS  iipjilicd  tor  some  time  as  a  powder  to  woun<^^ 
membrmius,  or  even  the  skin>  it  nmj  induce  the  same  ^^''^^^^/^ 
necrogis  as  have  been  raentioned  under  carbolic  acid*  In  B^^  ^^  _ 
has  a  destrnctivc  action  on  the  horny  layer  of  the  epidermis,  >^'^^  *t^ 
comes  softened  and  easily  reiiioved,  withont  any  noticeable  1^^,  gt 
having  bwn  indtieetL     It  sometimes  causes  soreness  Jind  irrifii^'      ^ 


tlie  mouth  and  throat  when  swallowed  in  pjwder,  and  coiigestic'''    ^ 
even  erosion  of  the  mucous  membrane  of  the  stomach  have  l>ee/^     ^ 
served.      In  dilute  fiolutiun^  however,  the  acid   has  no  such  eflf'ectt  *^  0 
even  oorapanitively  cooeeutrated    solutions  of  the   salts  seem  all^^ 
d e  V  oid  of  co  r r os  i  vc  p r o  pe rt  i  es. 

Symptoms. —  Salicylic  acid  aud  its  salts  are  rapidly  absorlit^  firO^^ 
the  stonnich  atid  intestine,  and  as  a  general  rule  pnuluce  no  syaipton^^ 
unless  when  given  in  very  large  doses,  vSunie  individuals,  hmveveff 
are  peculiarly  sensHive  to  the  action  of  s^'dicyhc  acid,  and  in  thes^> 
comparatively  small  doses  are  followed  by  symptoms  which  are  gen- 
erally of  only  slight  importnnee,  but  which  are  simietimes  sufficiently 
grave  to  cause  anxiety,  and  in  very  rare  cases  have  been  followed  by 
deaih. 

The  ordinary  symptoms  aiT  a  ieeling  of  heaviness  and  fulness  in  the 
head,  with  hissing  or  roaring  sounds  in  tlie  ears  exactly  resembling 
those  producerl  by  quinine.  These  may  be  followed  by  some  confusion 
and  dulncss,  and  by  indistinct  sight  and  hearing.  A^ery  often  the 
patient  CiHnjdinns  of  excessive  perspinitinn  and  a  sense  of  wnrmth  all 
ovtT  tlte  Ijody.  Dyspucea,  marked  by  exceedingly  deep  and  lalmred 
respiration,  has  been  noted  in  more  serious  cases  of  poisoning,  and  a 
condition  of  cullapse  with  slow  weak  pulse,  sul>normal  temperature, 
and  partial  or  complete  unconsciousness  may  Ibllow.  In  otliers,  de- 
liriinn  imd  hallneinalions  of  sight  and  bearing  have  occurred,  these 
being  mrue  frequently  seen  in  chronic  alcoholic  patients  and  in  t^ses 
of  dialMes  tinin  under  other  conditions.  Albumin  and  even  haemo- 
globin and  blood  in  the  nrine  have  also  beeu  noled  as  sequela?.  Vari- 
ous ffU'uis  of  skin  erujvtions  have  been  described  as  ocenrriug  under  the 
use  of  salicylic  acitl,  sometimes  after  a  single  dose,  but  much  more 
frequently  nfter  prolonged  treatment.  They  resemble  those  seen  under 
the  anti[>yretics,  but  seem  to  be  less  frequently  elicited  by  salicylic 
acid.  Afjortion  has  ber^n  repeatedly  oliservcd  under  sidieylnte  treat* 
ment,  l>ut,  as  in  the  case  of  quinine,  it  seems  open  to  question  whether 
this  was  due  to  the  remedy  or  to  the  disease.  Il£umf>rrhnges  from  the 
uterus,  nose,  mouth  and  intestine  have  also  l>ecn  credited  to  the  action 
of  this  drug,  and,  in  fact,  nose-blee<ling  has  been  said  to  occur  in  a 
considend^h.^  proportic^n  of  the  cases  treated  with  it.  Numerous  other 
symptoms  have  been  noted  after  salicylic  acid,  l)ut  so  rarely  that  a 
doubt  may  1^  entertained  as  to  whether  they  were  not  due  to  some 
special  condition »  or  perhaps  to  some  imjiurity  in  the  drug* 

In  animals,  salicylic  acid  injected  intravenously  causes  some  acceler- 
ation  of  the  pulse  and  respiration,  followed  by  slowness  and  weakne^ 
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IrritaBt  Action.  —  Salicylic  acid  is  much  less  irritapt  than  i jucn 
l)at  w\wn  it  is  applied  for  some  time  as  a  powder  to  wounJi^ 


muc 


memhranos^  or  even  tlie  skin,  it  may  induce  the  same  corrosion 
necrosis  i\^  have  been  mentioned  under  carbolic  acid.  In  goluti^ 
has  a  destructive  action  on  the  horny  layer  of  the  epidermis,  which 
comes  softened  and  eiisily  removed,  without  any  noticeable  irritai 
having  been  indocud.  It  sometimes  causes  soreness  and  irritatioii( 
the  mouth  an  J  tiiroat  wlien  swallowed  in  |x>wder,  and  congestion 
even  erosion  of  the  miicoiis  membrane  of  the  stomach  have  beea 
ftcrved.  in  dilute  solution,  however,  the  acid  has  no  such  effect^ 
even  oompurativcly  cxuieeut rated  solutions  of  the  salts  seem  nJi 
devoid  of  corrosive  properties. 

Symptoms.  —  Salicylic  acid  and  its  salts  are  rapidly  absorl^  (m 
the  stomach  and  intestine,  and  as  a  general  ride  produce  nosymptona^^ 
nidess  when  given  in  very  hvrge  doses.     Some  individuals,  however, 
are  peculiarly  sensitive  to  the  action  of  sidicylic  acid,  and  in  ibest,  ( 
conn>anitively  small   doses  are  followed  by  symptoms  whicli  arc  gptt* 
erally  of  c»nly  sliglit  im[>ortancc,  but  which  are  sometimes  snffieienlJjr 
grave  to  cause  anxiety,  and  in  very  nire  eases  have  been  followed 
death. 

The  ordinary  symptoms  are  a  feeling  of  heaviness  and  fulness  in 
head,  witli  liissin,^:  or  nwiring  sounds  in  tlie  ears  exactly  n^senibli 
those  pnMluced  by  quinine.     These  may  be  followed  by  some  cjoi 
ami  dulnrss,  and    by  indistinct  siglit  and  hearing.     Very  often 
patient  coin  plains  of  exeessive  perspiration  and  a  sense  of  warmth 
ovtT  the  liofly.     Dyspnrea^  marked   by  exceedingly  deep  ami  lalM>l 
respiration,  lias  been  noted   in  more  serious  cases  of  poisoning,  and 
condition  of  collapse  with  slow  weak  pulse,  subnormal  tem|xnit 
and   partial  or  eum|tlete  uneonsciousncss  may  ibllow.      In  otheiB, 
liriujn  and  hallucinations  of  sight  and   hearing  have  occurred,  ll 
bi'uig  more  frvquently  seen  in  ehrcmic  ale<iholie  patients  and  in 
of  fliabetes  than  under  other  conditions.     Albumin  and  even  h 
gh>bin  and  blood  in  tlie  urine  have  also  lieen  noted  as  sequelie.    V 
ous  forms  of  skin  eruptions  have  Wen  deserihed  as  occurring  umlerti 
use  of  salieylic  aeifl,  sometimes  after  a  single  dose,  but   nuich  roi 
frequently  after  prolonged  treatment     They  resemble  those  seen  (ii 
the  antipyretics,  l)ut  seem  to  l>e  less  frequently  elicited   by  salicvl 
a*'i*b      Ahortinn   has  been  re|>catedly  observed   under  salieylalc  ti 
iiK'nt,  but,  as  in  the  case  of  quinine,  it  seems  open  to  question  wlitlh* 
tliis  was  due  to  the  remedy  or  to  the  disease.      II hemorrhages  fmni  thf 
uterus,  nose,  mouth  and  intestine  have  also  l>een  creditt^  tcTthe  uction 
of  ihis  drug,  and,  in  fact,  nose-blerding  has  been  siiid  to  m-cur  in  a 
c<insiderahl(«  proportion  of  the  cases  treated  with  it.     Numerous  other 
HvmiitoniH   have  be^Mi  noted  after  j^alieylic  aeid,  but  so  rart^ly  thaf  « 
douht   may  \)o  entertained  as  to  wiiether  they  were  not  due  to  totne 
spwial  couflition,  or  perhaps  to  srmie  impurity  in  the  drug. 

In  animals,  salieylic  acid  injected  intravenously  causes  some^n-    ^'■' 
gtaon  uf  tin*  pulse  and  respiration,  follow^ed  by  slowness  and  w 
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■^■^li  tn^^  *^ften  ^>V  niarjfpa  fly^^pntna  D4>prpKHit>n  f>f  the  cc^ntral 
qiy«%fcf*m  k  sJiowD  by  slowness,  wf»akness  and  mco<>rdi nation  of 
«mtiiDec>us  movement?,  and  eventually  by  8tu]>or  and  arrest  of 
§pinitioD|  wliich  is  generally  preeeiled  by  convulsions.  Photo- 
I  anJ  clonic  spasms  have  been  observed  in  some  dogs.  Hyper- 
'  ihe  kidney,  liver,  brain  and  tympanum  ai-e  sometimes  found  at 
>p6y  ou  dogs  poisoned  with  salieylie  add,  and  when  the  drug 
n  given  io  powder,  congestion,  irritation  and  necrosis  of  the 
mucous  membrane,  Tliis  irritation  of  the  stomach  often 
vomiting  in  dogs,  and  the  iwison  being  thus  eliminated,  no 
tier  symptoms  ap|>ear. 
the  frog,  salicylic  acid  pnxluccs  quickened  respiration  and  in- 
reflexes,  followed  by  depression  of  the  spont^meous  movements, 
and  clonic  ofiutractions.  The  heart  is  slow,  dihited  and  weak, 
lie  symptoms  elicited  by  salicylic  acid  and  its  salts  are  therefore 
definite,  and  with  few  exceptions  occur  so  seldom  in  man  that 
ly  be  discussed  very  shortly. 

Rearing  have  l>cen   shown,  as  in  f|uinine,  to  be 


congestion  of  the  tympanum,  sometimes  with  ecehymoses  and 
ap«  inflammatory  reaction*      As  a  general  rule  they  jiass  off  in  the 
I  of  a  few  hntirs  or  days,  but  tliey  s<nnetimes  leave  a  more  or  less 
i»nt  impairment  of  tlie  sense  of  hearing.     The  Dinmesa  of  Sight, 
amounting  to  complete  blindness,  may  perhaps  be  due  to  a 
lion  of  the  vessels  of  the  eye  (see  cpiinine),  and  some  disturbance 
■  cireulation  of  the  brain  and  head  may  be  the  cause  of  the  dulness 
of   the   head   *xiraplained   of,  and   of  the  not   tnfrec|Uent 
Maragliano    showed    by   plothysmographic    nieasuremcnt^ 
;  the  Veagels  of  the_Skin  are  dilated  by  salicylic  acid  in  the  same 
V>y  the  antipyretic^s.     The  exact  mechanism  by  ^vhich  these 
tttions  in  the  distribntion  of  the  blorKl  are  pro<loeed  is  unknown, 
the  most  probable  explanation   woidd  si^em  to  be  that  the  vaso- 
or  (vntres  in  tlie  miKlulla  c»ootrolling  these  areas  are  excited, 
be  general  BIood-Pi^£gaiiJ^44JV>imd_tjLi-Jit!-incn  by  tamidX  quan- 

i  of  the  salicylates  from  stimulation  of  the  vaso-con  strict  or  centre, 
bile  after  very  large  Injections  iriti)  tlie  jjlond  vessi^k  tli^i-pjpefesure  is 
jered,  partly  jK^rliaps  I'rom  depression  of  the  centre,  but  mainly  from 
liac  action  of  the  drug, 
qminnneg  are  found  to  acce1emh>  the  Heart  in  animals  in  the 
^•4  small  doses  of  tlie  other  aromatic  botlies,  apparently  from 
Hi  -11  on  the  cjirdiac  muscle.      Verylarge  doses  produce  a  slow, 

Walk,  and  dilated  heart,  and  a  correspiinl  i  ng  Tallin  tlie  blood- press  tire. 
Tlie  arc<f|enilJQn  O*^  thp  ^^ga^iratigTi  imclfh.^  d^-^|Mimg^  which  have 
l>ei*n  noted  occasionally  in  man,  seem  to  be  due  to  some  rvnlral  action. 
Io  animals  tlie  respiration  is  first  accelerated  to  some  extent,  and  tlien 
^wwl,  and  some  oliservers  have  attributed  the  aceeleratixm  to  irrita- 
lioo  of  the  endings  of  the  pneumogjistric  nerves  in  the  lungs,  without, 
ko^rever,  bringing  forward  any  satisfactory  evidence  in  support  of  this 
UplaoatioD.     It  is  more  probable  that  the  respiratory  centre  is  first 
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excited  and  then  deprc'^sod,  and  eventually  paralyzed  bv  v< 
qoaniities  of  the  drug.      Death   seeois  to  be  due  to  this  par 
heart  continiihig  to  beat  for  some  time  afterwards. 

Tlie  eifei'ts  of  salicylic  acid  oq  the  Oentral  Nenrotis  System  sc 
be  comparatively  slight,  except  in  cases  in  which  a  special  idia^yufl 
exists.     No  such  convulsive  action  as  occurs  under  others  of  the  i 
uiatic  series  has  been  observed  under  it,aud  in  animal;^  there  seen 
marked  depresision  i^ive  in   tlie  medulla  oblongata.      The  convuld 
which  are  ob.sijrvcd  before  death,  are   probably  not  due  to  the 
action  of  the  drug,  but  to  the  asphyxia.     In  the  medulla  oblong 
respiratory  and  vajso-constricttjr  centres,  and  probably  the  vaso-dih 
seem  to  be  tirst  stimulated  and  then  depressed.      In  the  frog  dep 
sion  and  paralysis  of  the  spinal  et»rd  are  produced  by  large  doses. 

The  Perapiratioii  which  h)  often  follows  the  administration  of  i 
cylic  preparations,  may  be  due  in  part  to  the  dilatitrn  of  the  skin  ' 
sels,  but  is  probably  to  be  ascnbed  nither  to  increased  activity  of  1 
sweat  centres.  Some  of  the  Skm  Rashes  may  also  be  caused  byj 
dilation  of  the  cutaneous  vessels,  and  [)erhaps  in  all  cases  this  niaf 
looked  Ujion  as  a  favoralde  condition,  which  leads  to  eruptions  In  in 
viduals  who  are  predis|K>sed  to  them. 

The  peripheral  Muscles  and  Nerves  do  not  seem  to  be  more  affe< 
by  salicylic  acid  thun  by  the  other  members  of  the  series* 

Salicylic  acid  and  its  salt*  increase  to  some  extent  the  Secretioni 
tlie  Urine,  probably  through  a  direct  action  on  the  renal  epithelia 
although  the  increased  formation  of  urea  may  also  play  a  part  in 
slight  diuresis.  Irritation  of  the  kidney  and  nephritis  are  ol>>€rve 
in  some  ea^es,  with  the  uppeamnce  of  albumin  and  blood  in  the  urine. 

The  salicylic  prejxiratious  produce  a  slightly  augmented  flaw  of 
Bile,  apparently  from  stime  specific  action  on  the  liver  cells.  Tht 
iuiTL'ase  is  so  small,  however,  that  some  doubt  is  expressed  by  nwfll 
writers  on  the  sulyect.  Pfaff  found  that  in  one  c-ase  of  biliary  fistuli 
in  m:m  the  couecut ration  of  the  bile  was  also  increased,  the  solids 
being  augmented  in  greater  proportion  than  the  fluid. 

Salicylates  have  been  said  to  lower  the  normal  Temperatuie,  bftt 
this  seems  to  be  erroneous^  except  when  very  large  (|uantities  pnHluoe 
a  eontlitiou  akin  to  collapse.  Some  of  the  rc*sults  may  also  be  due  1» 
the  use  of  impure  preparations.  In  fever  patients,  however,  it  often 
causes  a  marked  fall  of  temp+^mture,  and  it  was  formerly  used  as  aa 
antipyretic  for  this  reason.  The  action  is  probably  explaine<l  liv  the 
(illation  of  the  cutaneous  vessels  and  the  increase  in  the  output  of  beat 
(Sv  Antipyretics,)  Dilation  of  the  skin  vessels  also  occurs  in  aoniuJ 
lM'i>nns  after  salicylates,  but  this  is  probably  counterbalanced  in  tlieoJ 
by  inereasetl  heat  formation.  The  fall  in  tem|>en*ture  after  salicj'lic 
aeitl  is  ginierally  less  in  extent  and  of  shorter  duration,  than  that  ful- 
lowiug  the  uu'iubers  of  the  antipyrine  sc^ries. 

In  its  jvtssage  through  the  tissues,  salicylic  acid  modifies  the  Meta- 
bolltm,  lis  is  shown  by  an  increase  of  10-12  per  cent,  in  the  n' 
and  sulphur  of  the  urine.     This  indicates  a  eonsiderably  augi 
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ipoaition  nf  the  pmteids  of  the  body,  but  whether  it   U  aceoin- 
by  iiicn-asixl   oxidation   is    unknown.     A   still   more   uutulde 
notation   of  tlie   uric  aeid  excretf^l   has  Ijeen  observed,  different 
astimating  it  at  30-4t5  and  even  100  per  cent.     The  numl>er 
cytes  in  the  bhjod  lias  been  foond  to  undergo  a  corresponding 

fiirm  in  which  salicylic  acid  circulates  in  tlie  blood  was  for- 

tbc  sabject  of  some  discussion,  owing  to  the  erroneous  belief  that 

were  devoid  of  antiseptic  action.     It  is  now  known  to  exiat 

blofwl  as  the  salicylates  of  the  alkalies.     Gaglio  states  that  it  is 

tip  from  the  blofMl  l>y  the  synovial   membranes  and   rajiidly  ex- 

itito  the  cav^ities  of  the  joints,  and  is  thus  capable  of  exercising 

ific  action  in  acut^  rheumatism.     It  is  Excreted  Jiy^thc.iiidjicys, 

most  part  in  a  combination  with  glyenwjll,  which  is  known  as 

pluric  at*id,   and   which   is   strictly   analogous    to   hippuric   acid. 

of  the  salicylic  acid  is  excreted  nnconxbined,'      It  has  also  l>een 

in  the  milk,  jK^rs  pi  ration  and  bile,  but  does  not  appear  to  be  ex- 

into  the  stomach. 

everal   compi>unds  which  ow^e   their  virtues  to   the  salicylic  acid 

cle  are  used  in  medicine,  aiiil  all  produce  simdar  results  after  ab- 

ption,  but  vary  in  their  loc^d  at^tion.     Methyl  Salicylic  Ester,  which 

Brs  in  many  plants  and  forms  some  iH)  i>er  cent,  of  the  oil  of  winter- 

a,  and  almost  the  wht»le  of  the   volatile  oil  of  birch,  has  a  hot, 

Bing  taste,  and  like  other  volatile  oils  produces  a  feeling  of  warmth 

stomach.      In   many  eases  it  is  well   lx_>rncj  but  stimc  patients 

pliUQ  of  pain  in  the  stomach,  Ims  of  appetite  and  even  nausea  and 

;ing.     It    is    rapidly   absorbed    and    produces  tlie  eh;iracteristic 

pioms  of  salicylic  arid  in   lai*ge  doses,  roaring  stninds  in  the  ears 

more  or  less  deafness.      It   is   partly  exeivted  as  salicyluric  acid, 

[decomposition  probably  occurring  niuinly  in  the  intestine, 

the  phenyl  salicylic  ester,  is  a  very  insoluble,  crystalline  body, 

1  has  little  or  no  local  af*tion  in  the  mouth  or  stfunaeh,  but  is  de- 

in  the  intestine  by  the  fat-splitting  ft  rnient  of  the  pancrtjatic 

S<»me  deix^m  posit  ion  also  appeurs  to  occur  in   the  stomach,  at 

rate  under  certain  conditions.     The  products  of  its  decomposition, 

ejrlic  and   carbolic  acids,  are  absorbed  and   pmducc  their  usual 

Salol  is  used  chiefly  as  a  substitute  for  salicylic  acid,  but  tfie 

lion  of  phenol  from  it  in  the  bofly  uuist  not  be  overlooked,  il>r  in 

%l  cases  of  dangerous  poisoning  which   liave   been  ol)served  under 

'  symptoms  were  those  characteristic  of  carbolic  acid,  and  the  urine 

[ie<Iark  in  e«>lor  from  the  phenol  oxidatirm  products.     In  miKlerate 

iRtities,  sidol  produces  the  disturbances  of  hearing  observed  under 

cylic  acid,  without  any  symptoms  of  carbolic  poisoning; 

tber  salicylic  acid  compounds,  similar  to  salol,  are  fj^inf  or  naphlttiol 

'  l)eta-naphtol  salicylate),  crcj^tjlol  (cresol  and  salicylic  acid),  ilu/nm- 

(from  thymol  J,  f/uakie^lm/ofj  while  attiiphenj  malakiney  etc.,  have 

rLcBiik  h  inclined  to  believe  tbnt  some  (tf  the  fwilirylie  acit^  e^tisfes  in  the  tirin©  as  a 
k)e  molecule  of  the  a^id  combmcd  by  meiiiitj  of  a  tartrunic  rMlicle. 
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been  montionefl  among  the  antipTreties.     They  are  less  poisoDC 
t?alol,  uihI  may  be  usetl   for  most  puqioses  as  substltute.s  for 
acid*     Saliphfu,  malakioe  and  their  allies  have  a  more  powerful 
pyretic  action  thaa  salicylic  acid.     Oo  the  other  baud,  the 
esters,  includlDg  methyl  and  phenyl  salicylates,  are  less  aDtiseptioj 
salioylic  acid  and  its  salts, 

Salicin,  a  ghico-,ide  found  in  many  species  of  willow  and  pcipbtj 
dei'orajn»fted  into  salicylic  alcohol,  wliieh  is  oxidized  to  salievlic  aridf 
the  body,  so  that  it^  action  after  absorption   ig  i^imilar  to  that  of  j 
acid.     It  is  unknown  whether  thi.^  decomposition  occurs  in  the  ali 
tary  canal  or  in  the  tis.sues,bnt  from  the  fact  that  it  is  excrete*] 
as  salicin   when  it  is  injected  intravenously,  it  would  seem  pf 
that  the  decomposition,  like  that  of  the  ordinary  esters,  takes 
chiefly  in  the  intestine.     It  is  very  bitter,  but  does  not  irritate 
niueons  membranes,  and  is  not  so  certain  in  its  action  as  salic\dici 
and  some  of  its  esters.     When  administere<l  by  the  mouth  it  is  exc 
in  the  urine  partly  as  salicin,  partly  eis  saligenin  or  salicyl  alcohol,! 
partly  as  salicylic  and  sidicyluric  acids. 

Preparations. 

AciouM   Salicylicum  (IT.   ^^.  p.,  B.  p.),  salicylic  acid  (C^HpHOOOi 
snuill,  white^  iieeille-like  crys^tals,  or  a  light  cr^'stalline  powder,  odorle 
a  sweetish,  alti^rvvurds;  amidi   l>urnitig  taste,  slightly  soluble  in  water,  i 
soluble  in  alcohol  ur  ether,     A  reddish  tinjare  indicates  the  pres<*nce  of  ( 
liolie  acid  or  other  imiiurities^  and  salicylie  acid  for  internal  use  aught  to  I 
entirely  eolorless.^     Salieylic  aciil  is  much  mure  si>Iuble  in  solutions  of  I 
tral  salts,  Buch  as  the  homtes  or  citrates,  than  in  pure  water.     0.3-2  G,  i 
grs.)*     It  is  generally  given  in  eapsnles  or  tablets. 

Vmjuentum  Addi  JSnitcifhci  (B.  Y\)^  2  per  cent. 

JSoDii  Salicylas  (U,  S.  P,,  B,  V.),  sodium  salicylate  (C,H ^OHCOONiU 
white  wlorless  powder  with  a  sweetish  ta*-te,  ver\'  soluble  in  waler»  le®l 
in  alcohoK     0.t>-2  G.  (10-30  grs.)  in  capsules  or  tablets,  or  dissolved  f 
By  nip, 
*  Liihii  Salicijlas  (U,  8.  P,),  0,S-2  G.  (5-30  grs,)- 

Oleum  Ganttherite  (IT.  S.  P.),  oil  of  wintergreen,  a  colorless  or  yelbfrtil 
fluid  with  a  characteristic,  pleasant  odor  and  a  sweetish,  aromatic  ta^te,  t 
floluhle  in  water,  FM:»luhle  in  alcohol,  contains  90  per  cent,  of  methyl  sftlicjr-J 
late.     0,3-1  e,c.  (5-15  mins.)  in  eiruilsion  or  in  capsules. 

(}!eum  Briuhr  Volatilt'  (V.  8.  P.>,  oil  of  sweet  birch, 

Mcthtf!  Sfilivytaft  (W  S/P.),  artiticial  oil  of  winter  green  {C\H;OHa 
ia  practicnlly  identical  with  the  oil  of  sweet  birch  and  fomis  90  iK-rcent. 
the  oil  of  wintergreen.     It  amy  be  prescribed  in  the  same  doses  and  Ibn 
a.s  the  latter. 

Spirifim  OiTHfth^rifP  (V.  B.  P.)  is  wsed  as  a  flavor  chiefiy.     1  c,c.  (15 1 

Salirinitm  (U,   S.   P.,   B.   P.),  salicin   (C\H,^OX>C^H,CHpH),  a  gluo 
obtained  fnnn  i^everal  species  of  w  illow  and  poplar,  consists  of  white,  sift^ 
crystalline  needles,  with  a  veiy  bitter  taste»  t^olnble  in  2H  parts  of  water, 
is  fleconipo?=ed  by  ferments  into  ehieose  and   saligenin  or   j^licyl  ale 
(C„H/>lTCH,OH).     0.5-2  G.  (8-30  .irrs.)  or  more  every  3  or  4  hours.  giv< 
in  powder,  capsiiles  or  in  solution,  which,  however,  i.^  very  bitter. 

'  Snlicvlic  neid  formed  synthptically  from  phenol  is  often  eaid  to  be  mow  p«« 
than  thnt  obLiinod  fmm  the  oil  of  wintergreen  (methyl  miliiylate),  hot  ihiji  i*  dueW 
tu  nny  difl<?rence  m  the  firid.  bat  to  the  presence  of  carlKiHc  ncid  nnd  other  impuritii 
in  the  artilieial  preparation. 
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8a.U>L  (tJ,  8,  p.,  B.  p.),  pbenyl  salicylalt*  {CJIpHCOOC^HJ,  a  white 
crynCAlttne  powder,  odorless  or  laiutly  aromatic^  uliuiist  Ui^teleas,  almust  in- 
wtltibk*  tu  waU^r,  d«compoj*ed  by  the  p:uicrfHtif  juice  into  salicyHc*  at-id  aud 
pl>9iloK     0.5-2  G,  (.5-^iC)  gi*s.)  ill  iK»wder  or  aipsuk', 

Ampirin  or  ucetybaliL-ylic  aeid,  is  very  slightly  soluble  in  wat-er  and  has  a 
ilDore  plcoimni  Ai*id  taste  than  salicylic  at* id  but  oHIts  no  further  advantages 
»V€*r  it^     It  is  deeompoaed  into  i^alicylic  acid  tu  tlie  intestine      Dose,  2-3 
(30-40  grs,). 

Therapeutic  Uses.  —  Salicylic  ae'ul  and  the  nal  icy  late  of  soda  were  at 

le  time  used  to  a  considerable  extent  us  aiui^jepticj?  in  surgery^  and  iu- 

promised  to  supplant  cuirbolio  acid  for  this  purpose,  as  they  wei-e 

irriuting  and  also  less  poisonous.     Tbcy  have   been  less  ustnl  of 

ite  years,  and  although  bacteriological  experiment  has  shown  that  the 

mil  is  at  lea^t  as  destructive  to  the  pyogenic  organisms  as  carbolic 

cid,  most  surgeons  fin«i  it  less  s;itisfaetory  in  pi*acticc.* 

SaHcylic  aciil  is  octritsionully  applied   locally  in  excessive  swei^ting, 
md  ha^  also  been  used  in   variotis  skin  affeetions  in  which  it  is  desir- 
ible  to  soften  or  partially  dissolve  the  epitlermis.     Both  acids  and  salts 
'are  absorbed  t<K>  rapidly  ti>  act  as  intestinal  disinfectants, 

I  u  1875  it  was  f o  n  n  d  to  I  la  ve  a  n  t  i  ]  jy  re  tic   pn  ^k*  r  ties ,  and  for  a  few 

rcare  it  was  used  as  a  general  antipyretic  in  fever,  but  has  been  entirely 

lliupplanted  for  this  purpose  by  the  more  recently  diseovcriMl  antipyrine 

|M^ri€i$,      It  was  also  suggested  as  a  suhstitnte  for  tjuinine,  but  lias  no 

Ifiuch  specific  action  on  the  niahiriul  orgfinisrns. 

The  chief  sphere  c»f  usj^'^it^^ess  i^S  -^alicylJe  acMM  thfi-preaent  timft 

in  the  treatmen t_!^>i_iiculti- Jiteuamtic  fcvur,  in  whicli  it^enis  to  have 

etion  only  excelled  _ by  that  of  quiuine  in  malaria.     C)ther 

the  aromatic  scri(»s  have  some  cflV'ct  in  this  condition,  but 

none  of  thera  equal  tlie  salicylic  j>re|»;irations  iti  efficacy.      Under  thb 

iR'atinent  the  pain  and  swelling  in  the  joints  rajudly  lessi.^Ji,  tiie  tcm- 

[perature  often  falls»  and  the  course  of  the  disease  is  shortened.      It  is 

jitill  tlebattHl   wht^thcr  the  salicylic  treatment   n^hictvs  the  liability  to 

endwiiirditis  and  |K^ricanlitis,  which  are  common  conipliciitions  of  a<'nte 

rheutnatie  fever ;  some  elinicnans  even  state  that  it  increases  the  risk 

of  the«4.*  t?i  implications,  while  *  it  hers  advise  the  diseontin  nance  of  the 

treatment  when  any  symptoms  arise  fmra  the  heart.     The  view  more 

||rctienilly  entertained,  however,  is  that   the  canliac  aflTections  are  Icsg 

often  tnet  with  and  are  less  severe  under  salicylic  treatment,  and  Vk^rj 

I  often  It  Is  (Hmtiuued  in  small  quantities  even  after  the  ht»iirt  is  undoubt- 

It^illy  involved  in  the  disc^asc.     Tlie  ivniKly  sometimes  fails  in  rheutna- 

Itism,  as  quinine  dites  in  malaria,  and  it  sometimes  acts  more  satisfjjc- 

lorily  in  one  joint  than   in  another*     Large  doses  (1-2  G.  or   lo— *10 

grs.)  rept^atcxl  every  2-:J  houi*s  are  necessary  in  some  cxises  at  first,  the 

rquantity  being  reduceil  as  the  symptoms  abate.     Salicylic  acid  is  legs 

jfmjiK'nlly  iist^tl  tlian  the  salicylate  of  siKla  or  salol,  but  some  clinicians 

^MicvllcxHtt  lia«  fM>en  U'^e*!  very  largely  ns  ji  prea^rvMivo  in  wine  nnd  U-^r.  No 
CTil  <?ffoclj»  hiyr  tntMi  lii^tinitely  hIiowii  y»  follow  iht-  pmloiiKiHl  ii.'*^  of  liquoiN  ihil's 
iifsttfil^  but  it  \nm^\  iiiUMi^ible  that  tbev  rn«y  lx»  injiinaiia,  and  BevenU  governroLnit« 
hart  foonti  U  adviMbte  tu  prohibit  it*  use  for  thi^  puqHMc* 


420 


ORQANJC  DRUGS  AVTUsO  AFTER  ABSORPTION, 


hold  that  the  acid  is  the  most  efficient  of  the  three.  Oil  of  winter- 
green  may  also  be  used  here,  but,  like  stilicylie  add,  is  more  liable  lo 
cause  gastric  irritation.  When  high  fever  is  present  the  antipyretic 
combinations  of  galieylic  acid,  such  as  malakine,  may  be  used  with 
advantage,  Salicin  is  less  disturbing  to  the  stomach  than  the  other 
preparations,  but  is  less  certaiu  in  its  effects  and  has  to  be  given  in 
larger  quantities. 

Salicylic  acid  has  alsrj  been  used  in  tlie  various  forms  of  disease 
which  are  roughly  elussificd  as  rheumatic  —  chronic  rheu mat isui,  arth- 
ritis, neuralgia,  myalgia  —  but  the  effects  are  less  satisfactory  than  in 
acute  rheumatism.  The  lithium  salt  is  contained  in  the  U.  S,  P, 
because  lithium  is  erroneously  credited  with  a  special  solvent  action  on 
the  uric  acid  in  these  diseases* 

In  other  acute  C4*nstitutional  diseases  accompanied  by  fever,  salicylic 
acid  is  of  less  value  than  iu  acute  rheumatism  so  that  it  would  ap|K*ar 
that  it  has  a  specilic  action  on  the  unknown  cause  of  this  malady. 

Salicylic  acid  in  some  cases  promotes  the  absorption  of  effusions  into 
the  seroiLH  membranes,  such  as  the  pleura,  and  also  subretinal  effusion. 
It  is  unknown  how^  this  is  effect etl,  but  it  scarcc*ly  sc^^ms  probable  that 
the  sliglil  diuretic  action  of  the  lirug  is  sufficit^nt  to  account  tor  it. 

Ttie  cliolagogue  action  of  the  salicylates  is  quite  inct>nsidcrable  in 
oomparisou  with  that  of  the  bile  itself,  and  in  any  case  in  which  an 
incrciise  of  the  bile  secretion  is  desirable,  recourse  should  be  bad  rather 
to  the  latter.     (See  Bile.) 

The  solubility  of  the  salicylates  and  their  rapid  absorption  preclude 
their  use  as  intestinal  antiseptics,  but  salol  has  been  used  tf^  lessen 
putrefaction  in  tlic  bowel,  anr!  even  to  act  U|K>n  the  bacilli  of  typhoid 
fever  and  of  tubercle  infii'Ctiug  the  intestinal  wall.  Kumagawa,  how- 
ever, stiites  that  the  putrefaction  in  the  bowel  as  ineasnreHl  by  the  in- 
dican  in  the  urine  is  unehangtd  by  it.s  administration,  and  he  found 
enormous  numbers  of  bacteria  in  the  fieces  afterwards.  It  certainly 
seems  of  little  value  in  typli<>id  fe%Tr  or  in  tulxTculosis  of  the  intes- 
tine. Intestinal  calctili  have  been  formed  iu  a  few*  instances  from 
prolonged  treatment  with  salol,  which  failed  to  be  decomposed  in  the 
intestine  and  formed  masses  of  considerable  size. 

Salol  w^as  at  one  time  supposed  to  be  absorbed  only  after  its  de- 
composition iu  the  intestine  by  the  pancreatic  juice,  and  Ewald  tiiere- 
fure  suggested  its  use  as  a  means  of  diagnosing  stenosis  of  the  pylorus. 
He  supi>osed  that  in  cttses  in  which  the  fijod  was  delayed  ur  prevented 
from  passing  into  the  intestine,  the  reaction  of  salicylic  acid  in  the 
urine  would  apjx^ar  correspondingly  late  or  be  entirety  al>sent.  But 
some  salol  seems  to  be  absorl>ed  from  the  stomach,  and,  on  the  (^ther 
hand,  the  interval  Ix^tween  its  administration  and  the  appearance  of  the 
salicylic  reaction  in  the  urine  is  so  variable  in  normal  individuals 
that  the  test  is  of  little  value.  Salnl  has  been  used  to  ooat  pills  and 
prevent  their  solution  in  the  stomach. 

Salol  has  soute  value  as  a  geniti^-urinary  disinfectant,  partly  owing 
to  the  salicylic  acid  component  and  partly  to  the  phenol  developed. 
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It  k  used  m  a  substitute  for  salicylic  ncid  in  rheumatic  fever,  as  has 
bMQ  nicntioiied,  and  ha,s  the  advantage  of  being  tasteless  and  of  pro- 
ducing no  irritation  in  the  stomach.  On  the  other  hand,  the  tMinsid- 
eruble  amount  of  carbolic  aeid  freed  by  its  decomposition  has  giv^eu 
riae  to  pDisoning  in  some  cases.  Externally  it  is  of  little  or  no  value 
as  ill  antiseptic,  as  it  is  only  active  when  decomposed  by  the  microbes 
which  it  is  designed  to  destroy. 

Salicin  is  used   as  a  substitute?   for  salicylic  acid  only  in  rheumatic 

er.      It  has  been  prescribed  as  a  stoinaehic  bitter. 

Salicylic  prejmrations  have  to  be  used  with  care  where  any  symp- 

of  renal  irritation  are  present.     In  cases  of  poisoning,  the  treat- 

I  18   determined   entirely   by  the  symptoms,  and  no  antidote  Ib 

OWQ.  Glycocoll  has  been  suggt*sted  for  the  same  reason  as  the  sul- 
phates in  phenol  [wisoning,  but  would  presumably  be  of  no  greater 
I     value. 
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Other  Aromatic  Oxy-acids. 

The  two  l«omers  of  salicylic  acid,  meta-nn^  para-OTXfbemmc  aeid^  arei 
be  almost  devoid  of  antiseptic  properties,  und,  aUhougli  some  doubt  i 
entertained  a,s  to  the  correctness  of  this  statement^  they  have  never  I 

in  medicine  except  experimentally. 

The  crtfaof in iV  acid»  rej^emhle  ^icylic  acid  in  their  effect^*,  andtb&l 
cn^otinate  of  Bixia  has  b€*eu  used  occasianully  as  an  antipyretic  and  ( 
tyte  fur  s;ilicylic  acid.     The  metacresotinate  \^  very  much  lij'^  active,  wB 
the  orthtRTcsotiniite  possesses  a   daugerniis  action  on  the  heart.      Tlir  i>i»n> 
creftt)tinatc  is  soniewhut  leas  poisonous  than  salicylic  acid.     The  ' 
acids  are  found  as  impurities  in  some  eomraereial  specimens  of  sali* 
but  tht*se  ought  not  to  be  used  for  internal  adniiuistration,  as  the  pr 
the  orthocrcsoronic  acid  may  aflecl  the  heart. 

The  alpha-  and  heia-oxynaphtoic  acids  are  possessed  of  antitH'ptic  pn 
tics,  which  are  siiid  to  he  somewhat  greater  than  those  of  carbohc  aad  I 
cylic  acids,  but  they  are  less  soluble  in  water,  while  the  sodium  stilt  is  H 
antiseptic.  The  acids  are  irritant  and  produce  diarrhoea  and  ^^ympionu 
similar  to  those  of  salicylic  acid.  They  seem  to  be  at  least  as  poisonuudsi 
carbolic  acid^  and  have  been  used  as  external  antiseptics  only  t^j  a 
limited  extent. 
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Sulphocartolates. 

The  sidphon  ^oup  lessens  the  toxicity  in  the  same  way  as  carboxyl,  i 
the  sulphocarholatesor  para-ftheuc»l-siilphouales  are  tlierefore  less  pois<j 
than  carbolic  acid.  The  sulphocjirbolates  of  sodium  and  zinc  havelieeo  ast^ 
as  cxtcrual  autiBeptics,  and  the  sulphocarbolMte  of  sodium  has  been  adimnis 
te red  to  arrest  fermentation  in  the  stomach.  The  zinc  salt  fH:jS'?essi*s  ?oni< 
astringent  action  and  has  been  used  with  good  results  as  an  injection  in  p>^ 
orrhfea.  The  sodium  .^It  is  probably  excreted  in  the  urine  uuchangr^ 
Aneptoi  or  mtzoHr  acid  is  a  33  per  cent,  solution  of  orihophenol-sulphoQi' 
acid  iu  water  but  very  often  contains  some  of  the  para-aeld, 

Sodii  SuiphorarbalaH  (\h  S.  P.,  B.  P.).  or  siidium  ymra-phenobsulphonat 
(C^H^OHSO^ONa,  *2HjO),  forms  colorle^^s,  trans[mrent  prisms,  without  odol 
and  with  a  saline  tiiste.     Si>!uble  in  5  jnuts  of  water.     O.S-1  G.  (5*15  gis' 

Zinci  Sulphocarbolag  (B.  P.),  (Zn(OHiVl^SO^),H,0)  foniis  colorless,  Wmi 
parent,  efflorescent  crystals,  which  are  very  soluble  in  water  and  in  alcohol 
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Benzoic  Acid. 

acid  possesses  almost  the  same  action  as  salicylic  acid   in 

id  like  it,  is  poisonous  only  in  oomparatively  large  quauti- 

.8  to  be  equal ly,  or  acconliDg  to  mme  observers,  more 

'  anriseptic,  and  like  salicylic  acid   irritates  ilie  mucous  niem- 

vrbile  its  salts  are  practically  devoid  of  this  last  proprty. 

lie  acid   is,   however,   ap|mrently  less   stimulant   tu   the   central 

US  system,  and    the  charactf  ris^tlc  atlections  of  the  bearing  and 

tve  not  been  observed  under  it, 

I  very  large  quantities  of  benzoic  acid  and  also  of  the  ben- 

sometinies   prt>duce   nausea  and   vomiting,  the   vomited 

[y  being  tinged  witli   blood.      A  certain  sedative  action  on 

tml  nervous  system  is  also  siud  to  l>e  ol>served,  and  an  increased 

t4>ratioQ  of  mucus  is  produced    in  cases  of  bronchial   irritation. 

piilae  is  somewhat  accelerated. 

tthe  dog,  tremors  and  convulsions  have  l>een  observe<l,  but  are 
illy  less  marked   than  under  carl>olic  acid.      Ataxia,  parej^i.s»  and 
tCDiaally  complete  paralysis  of  the  fore  limbs,  and  later  <>f  the  hind 
iulHand  trunk  follow,  tlie  temperature  falls,  and  death  occurs  from 
tephyxia.     The  heart  and   respiration   are  first  accelerated  and  then 
ed,  fn>m  a  direct  action  on  the  heart  and  on  the  respiratory  centre, 
lilting  occurs  when  the  acid   or  the  salts  are  given   by  the  mouth, 
l-ttiortem   the  gastric  mucous   membrane   has   been   found    to   be 
leil  and  ecchyraosed,  even  when  the  salts  or  acid  have  been  injected 
Uaneously   or   intravenously,  so  that   the  benzoates  and  benanc 
id  would  seem  to  iiave  a  speciiic  action  on  the  gastric  mucous  mem- 
Be  i[uite  apart  from  their  irritant  eftects  when  apiilied  locally. 
In  fmgs,  fibrillary  contractions  and  convulsions  are  observed,  followed 
weakness  and   paralysis  of  the  spinal   cord,     Hsemorrhages  have 
been  tbund  in   the  stomach    wlieii   the  drug   was  injected   into  a 


Stenjoicacid  (C^H^COOH)  comlunes  with  glvcocoll  in  the  IxmIv  to 
n  lii|»puric  add  (CII.CO  — NIICH.COOH),  which  is  excreted  in 
urine.  Some  of  the  l>enzcjic  aeid  escapes  in  the  urine  unchanged, 
'ever,  the  pivipnrtiou  of  luppurie  acid  ff>rmefi  apparently  varyin*^ 
Ih  the  genei-td  health  an^l  tlic  condition  of  tire  kidneys,  and  also  with 
dose  administered.  After  large  doses  a  redncini^  body  has  been 
m^ed  in  the  urine,  presumably  glycuronic  acid.  Traces  of  benzoic 
lane  found  in  the  saliva  of  the  dog  after  its  administratii>n,  but  it 
8  not  seem  to  be  excreted  here  in  man.  In  binls,  benzoic  acid  is 
TPtefl  by  the  kidneys  as  <>rnithuric  acid  (C^JI^^^X/JJ,  frtmi  which 
acid  can  be  split  off,  leaving  i>rnithin»  •Benmic  acid  often  in- 
the  nitrogen  eliminated  in  the  urine,  so  that  in   these  cases  it 
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InternaUy  the  beozoates  have  been  employed  as  substitutes 

cvlic  acid  id  acute  rheumatism,  but  !ia\T  nut  proved  so  etficieiit 

feral.     The  lessened  putrefaction  in  the  huvvel  after  benzoic  aeid 

its  use  as  an  itite-stinal  disinfectant,  and  it  has  been  adminis- 

ao  antiseptic  and  slight  irritant  in  diseases  of  the  genito-uri- 

Bt,  8uch  as  cystitis  and  gonorrha&a.     It  wa,'^  formerly  supposed 

SDZoic  acid  lessened  the  uric  acid  excretion  and  dissolved  the  uric 

dep«>sit6   in  the  blailder  and  tissues  by  forming  hippuric  acid,  but 

DOW  recognized  to  be  erroneous,  ami  the  treatment  of  gout  and 

[diseases   based  on  this  theory  may  be  considered  obsolete.     The 

m  benzoate  of  the  fJ.  8,  P.  is  a  survival  of  this  treatment,  lithium 

;  cretlited  with  special  solvent  properties. 

ensote   acid   is  still  used  as  an  ingredient  in  expectorant  mixtures, 

frhich   however  it   is  generally  prescribed   as  the  simple  or  com- 

lod  tincture  of  benzoin,  or  as  one  of  tlie  Tolu  preparations.     It  is 

Lto   be   beneficial  in  cases  in  which  the  mucus  is   tenacious  and  is 

Bled    up   with   difficulty*     The   syrup   of  Tolu   may  be  regarded 

iply  as  a  flavoring  ingredient,  for  it  contains  too  little  of  the  balsam 

kave  any  other  effect. 


of  Peru  and  pure  cinnamie  ncid  have  been  administered  by  hypo- 
mic  and  intravenous  mjectiou  and  by  the  mootb  in  ijulmoimry  tubereu- 
^  in  the  belief  that  they  would  induce  irritutiou,  iu  flam  mat  ion  aud 
fiqueot  eicatrizi^tion  of  the  tuberfnilar  niHlules,  but  thrre  is  no  reason  to 
[rpu«e  that  they  have  any  sucli  effect,  and  the  treatinen  thus  never  nd- 
lused  beyond  the  exfjcrimental  stage. 

^eti  the  balsiims  are  a<huinistered  in  large  quantities,  the  addition  of  an 

1  the  urine  is  followed  by  the  formation  of  an  ahimdant  ]»roripitate  iu 

»c*^^,  iind  this  ha*  p^ven  rbe  to  the  belief  that  they  tend  to  irritate  the 

eys     The  precipitate  ap*pears  to  be  not  albmnin  l>ut  tlic  resia  ia  raost 

,  kLOwevery  for  it  is  dissolved  by  the  addition  of  alcohol. 
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NitroboEzol  Oompounds. 

p>«  oitrobeuzol  bodies  are  chiefly  of  interest  beeaiise  they  have  often  given 
^ *0  poisimin^  of  late  years  from  their  extensive  use  in  eheiniral  matiufac- 
^'^^  Nitrobenzol  (C^H^XO^)  hai*  also  been  used  to  Jlavor  ah'oholie  liquor??, 
^  has  in  this*  way  led  to  poisoning  in  some  ejises.  In  man  nitrobenzol 
J*l*6<sa  grayish -bkie,  cyanotic  color  of  the  skin  and  visible  muecHiH  mem* 
' »»  often  with  nausea^  voniitin.u:,  g^reat  niusciilar  weakness,  marked 
delirium  and  some  convulsive   movements  of  the  face  ami  jaws, 


I 
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less  fretiueutly  of  the  wlxjit'  luxly.     Tot^l  unconsdousness  and  coma  are 

followed  by  arrest  of  the  re,spinitioQ. 

These  etteets  ure  due  in  purl  to  ebaiiges  in  the  blood,  in  part  to  centml 
nervous  action,  in  which  stimulation  and  jiarulysi;*  Beem  to  foUf)\v  one  another. 
The  bh)od  is  fuimd  of  a  ehorohite- brown  eolor,  and  some  of  the  red  rells  are 
either  deformed  or  entirely  destroyed.  Examined  with  the  t^pectroscope, 
tnethiemoglobjn  is  very  often  found  in  it,  while  in  other  eases  an  abg<jryitioa 
line  is  observed  between  the  yelbrw  nnd  the  red,  which  does  not  «eem  to  corre- 
spond to  that  of  any  of  the  ordinary  Incmoglobin  proitncts,  and  has  there- 
fore been  called  the  nitrobenzol-biemoglobin  tine.  The  blood  contains* 
a  ranch  smaller  amonnt  of  oxygen  than  normally,  in  some  case's  only 
one  per  cent,  instead  of  seventeen,  and  artificiul  respiration  or  even  shaking 
the  blood  in  air  fails  to  oxidize  it  further,  as  the  combination  of  uitrobenzol 
and  hiemoglobiu  seems  to  be  incapable  of  absorbing  oxygen .  Similar  changes 
may  be  p rod u ceil  in  venous  blood  outside  the  body  by  shaking  it  with  iiitro- 
lienzol.  These  changes  in  the  blood  are  t!ie  cause  of  the  cyanosis,  and  the 
hn perfect  oxidation  of  the  tissues  leads  to  the  sippearance  of  a  number  of 
abnormal  products  in  the  urine.  (See  Phosphorus.)  In  anioittls  a  gustro- 
intestinal  catarrh  is  almost  constantly  produced  unless  the  intoxication  ia 
very  aeute^  and  this  occurs  even  w*hen  the  poison  is  inhaled  or  injecte^i 
sobcutaneously. 

Metadinitrobenzol  (CJ^^(NC>2)j)  has  repeatedly  given  rise  to  poi^^ning  in 
the  manufacture  of  the  modern  explosives,  such  as  roburite  and  secnrite.  Id 
action  it  resembles  nitrobetizol,  but  is  more  potsonnus,  and  the  gastric  symp- 
toms are  more  marked.  Amblyopia  anrl  a  jaundice  like  coloration  of  the 
skin  often  occur  from  prolonged  exposure  to  this  ]»oison. 

Picric  Acid  (C^jH^OHf  NO  J,,)  is  an  irritant  1o  the  skin  and  mucous  mem- 
bmiies,  and  in  large  doses  causes  vomiting  imd  often  anuria  and  stranguiy, 
A  ehanuL'teristic  symptom  is  the  yellow,  icteric  color  of  the  skin  and  mucous 
membranes,  which  is  due  not  to  true  jaundice,  but  tt>  the  staining  of  the 
epithelium  by  the  acid.  It  produces  this  coloration  when  taken  internally, 
and  itching  is  often  complained  of,  and  some  eczema  or  eiytbema  has  been 
ob^^erved.  Violent  convulsions  occur  sometimes,  in  other  cases  collapse. 
The  urine  is  yellow  or  red,  and  contains  some  casts  but  little  or  no  albumin, 
and  no  bile,  the  absence  of  the  last  serving  to  diagnose  the  intoxication 
trttm  jaundice.  Picric  acid  tends  to  destroy  the  red  t^ells  of  the  blood  in 
animals,  but  no  marked  diminution  of  these  has  been  observed  in  man.  It 
is  excrt^ed  iis  picric  and  picramic  acid  (t\,n.,()ILXII,,(N( J^^J  in  the  urine* 

Picric  acid  has  bet-n  used  as  a  subslitute  lor  quinine  in  malaria,  and  as  an 
antipyretic.  An  ointment  containing  it  has  been  apjdied  in  some  forms  of 
eczema,  but  it  gave  ri^e  to  poisoning  in  one  of  the  few  cases  in  which  it  was 
thuB  employed. 

BiBLKXJHAPHY   OF  THE  AROMATIC   NiTBO-BODlES. 

Sfitrktw.     V\nht>Vf^H  Arch.,  lii.*  p*  464. 

Iftjtf,     Practit inner,  xxx,»  n.  IVHS. 

Filrhne.     Arth.  f  ex  p.  Path.  n.  Vhtitm.,  ix.,  p.  329. 

I^uin.     Virt'liowV  Arch.,  Ixxvi.,  ii.  443. 

Anninn.     Schinidt^s  Jahrb.^  ccxWiii.,  p.  127. 

Schraeikr  v.  Strasmnan.     Viertlj.  f.  gt^r.  Med*^  1891,  I,  Suppl.j  p.  138. 

Reck,     Cliririte  Annalen,  xvii.,  p.  8f>7. 

Miiitzer  u.  Pffitmi.     7m,  f.  1  lei  Ik.,  xv.,  p*  185. 

Huber.     Vireliow^iJ  Arch.,  cxxvi.,  p.  240. 


Naphthylamme. 

Stern  has  observed  a  curious  ami  almost  unique  series  of  symptctms  after 
the  administration  of  sevei-al  hydrsited  derivatives  of  /^-napbthylamine  to 
mammals.     The  most  interesting  of  these  were  dilation  of  the  pupil  and 
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_  tnision  or  the  eyeball,  and  a  very  marked  rise  in  the  teinperature, 
ittloutiting  in  some  cases  to  4 J*  C  The  ililiition  uf  the  pupil,  wliioh  waa 
■ot  iibserv'ed  in  the  later  experiments  uf  Fnweett  nnd  \Vhitt%  is  iiscribed  by 
Sl«ru  i^ittrtly  to  local  action  on  tht*  dilator  libre^  or  the  tenniuationf*  of  the 
sympathetic  oerve^^  in  the  iri.s,  but  mainly  toaome  central  stiumlation.  The 
rise  of  lempemture  iw  jirodiiced  in  part  by  the  output  of  heat  being  lessened 
through  contraction  of  the  cutaneous*  ve>J.sel8,  in  part  by  increased  oxidation 
in  the  tis^ui^and  aiijinnente<l  heat  proiluction.  The  contraction  of  the  vea^els 
|0  to  be  attributed  chictly  tt*  stinuihitioti  of  the  vtuso-niotor  centres,  although 
the  drug  seems  to  have  some  direct  eileH't  on  the  mnscular  walls  of  the  vessel* 
alfta*  Cocaine  has  a  somewhat  similar  Imt  weaker  action,  but  the  oaphthyl- 
Amine  compounds  do  not  produce  local  amesthesia. 
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Toltiylendiamme. 

Toluylendiainine  (C^H,CH^(NH,U)  has  never  been  used  in  therapeutics, 
but  it  is  of  importance  from  tlic  light  which  it  ha:^  thrown  on  some  forms  of 
jiiandiee.  Stadetmann  found  that  its  administration  in  dogs  protlnced  the 
typical  ^ymptiims  of  icterus*  while  in  cats  the  ictenis  was  less  nuirked,  but 
very  large  quiintities  of  hiciaoglobin  were  excreted  in  the  urine.  The  expla- 
tmtton  of  thia  action  is  the  destruction  of  the  red  cells  in  the  blood,  whl^'h 
leadn  io  the  dog  to  the  tVinnution  of  large  amounts  of  bile  pigment^s  in  the^ 
liver.  Home  of  thi^  pigmetit  is  reabsorbed  from  the  bile  vessels  and  leads  to 
typie4il  jaundice.  The  aijsorption  is  promoted  hy  a  curious  iucrease  \\\  the 
mucu«i  Mecrt»tion  of  the  bile  ducts,  which  renders  the  bile  more  viscou^^  and 
by  ihiw  »lelaying  iKs  evacuation  iuto  the  intestine  favorr*  its  absorption  into 
the  blood.  This  increased  mucus  formation  is  Wlieved  t<j  be  due  to  the 
aetioti  of  the  poisi>n  on  the  secretory  celh  of  the  larger  bile  iluets.  The 
formation  of  bile  pigment  from  luemoglobiu  liberattw  large  quantities  of  iron, 
which  seeiUii  to  be  stt>red  in  the  liver,  spleen  and  bone  nmrrow.  In  the  cat 
the  hiemoglohin  is  ni>t  so  birgely  furme<i  into  bile  pigment,  but  escapes  in 
the  unne.      In  both  animals  some  mctha>moglobiu  is  probably  formed.' 

BtiiLior.RArnY* 

SMHmann.     Arch,  f.,*xp.  Pnih.  ii.  rhann.,  xiv.,  pp.  2^11  and  422;  xxiiL,  p.  427. 
rMitffd  H,  Kirner,     t.'omptes  rend,  de  T  Anul,,  cs\»  ]i.  4<15. 
[jMrUrg,     Arb.  a.  d.  phjiria.  lu&t.  tu  iHirtrnt,  liii.,  p.  20. 
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o!^  or  benjpene,  is  much  less  |»oisi>nouft  than  Ha  hydroxy!  com* 
LU!fl«^  but  may  give  rise  to  symptoms  restnnhling  those  of  phentd  when  it 
[  hihalnl  in  largi*  ipiantities.  It  was  at  one  time  suggested  as  a  genenil  au- 
geatbetie,  but  the  preliminary  excitement  \^  very  much  greater  than  that  s<*en 
in  the  use  of  chloroform  or  ether,  and  partakes  much  mcu*c  of  a  ^JonvnUiv^ 
ohariMSter.  Even  after  untxjnseiousness  and  ante.sthcsia  isattuine<l,  the  char- 
Aetetiaiie  muDcntlar  tremor  of  the  aromatic  comtKJunds  continues.  In  some 
animals  it  produces  violent  and  i*n.>longed  convulsions,  with  only  fuirtlal  loss 
of  »enH^ition,  and  even  large  quantities  do  not  catisi^  the  complete  relaxation 
of  the  mu^^leA  reqtusite  for  surgical  operalimi.  It  s^^'cms  to  have  little  or  no 
Irritant  aetion  on  the  uHmentary  cauat  or  kidueys  in  animals,  and  is  excreteii 

*A  t^raewhat  KiraiUtr  nction  ft>llo\rs  the  admin ifft ration  of  fVphiytantftin,  tho  nctive 
principle  of  CcphaUnihasi  »x'cid«Dt-iili^  BntttuidnLHli  or  Swamp  dogiAood  (Mohrlicfg). 
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in  part  by  the  kidneys  as  phenol  double  dulpbate,  in  part  unchanged 
lungs. 

Santessoii  states  that  htemcirrhage^  occur  very  firequently  in  fatal 
ing  in  man,  and  found  the  same  result  in  experiments  on  rabbit*** ;  he  4 
it  to  fatty  degeneration  of  the  arterial  wall.s,  which  was  well-marked  in^ 
of  hit^  experiments.     A  number  of  <?ases  of  fatal  intoxic4ition  are  on  ) 
some  of  them  arising  from  the  drug  being  swallowed  by  suicides,  but  ma 
them  from  the  aeeidental  inhalation  of  large  tjnantities  in  iudia-rubbe7| 
lories.     Animals  exposeil  to  benzol  vaptu-  do  not  seem  to  abftc»rb  enough  \ 
seriously  poisoned^  but  when  it  is  injected  subcuianeoiisly  or  applied  < 
large  skin  area»  it  proves  fatal  to  them*     The  benzol  of  the  B.  P.  con 
toluene  and  is  used  only  for  pharmaceutical  xjurpoees. 

Bllll.IOGHAl»llY. 

^  Arch.  f.  Hypflene.  x^xi-,  p.  336.     Skand.  Arch.  L  PbyaioL,  x,,  | 
Arch,  de  irlmrtiiacrjdynain.,  ii.,  p.  235. 

Pyoctanine. 

Beveral  of  the  dyes  derived  from  aniline  are  used  to  stain  pathogenic  ^ 
and  t-o  dilTerentiate  them  from  each  other.     This  suggested  to  Penzoli" 
idea  that  the^^e  lR)dies,  having  a  iHatinctly  greater  affinity  for  the  micr 
ismB  than   for  the  tisst^ue.'*  surrounding  themj  might  be  used  as  antisepUc 
disinfectants,  and  Stilling  introduced  several  of  them  into  therapeutic  use  I 
under  the  name  of  pyoctaniues.     Some  of  thesi*  dyes  have  been  f       '  ^ 
have  a  certain  antiseplic  action,  but  the  hopes  that  were  formerly  eij' 
as  to  their  sficcihc  action  have  proved  delusive^  and  their  use  in  mtMii  luf 
(ehromotherapcutics)  is  now  very  limited,  and  promijses  to  fall  into  oblivi«>fl- 


XXVI. 

It  has  ppccntly  boen  slimvn  by  numerous  investigators  that  for 
dehydc  (HC(>H)»  jj^ejlliliJlXiJ*^  fk>rivet]  from  tbiLJXKidiAtiim  a 
alcohol,  is  a  very  powerful  germicide^  while  it  is  only  slightly  |)oisoiiflj 
toTRe^  higher  animals.     The  ahlehyde  is  a  colorleBs  gas  and  has  I 
used_£ithier^n  golution   in  yj^^v^JonHulhu)^  pr  as  a    vapor. 
germicide^  it  is  efstTniated  tobe  equally  efficient  %vitb  eorrt^ive  suhl 
mate,  and  its  volatility  enables  it  to  penetrate  much  more  rapidlyJ 
that  it  may  Ix^  used  for  purposes  for  w^hieh  the  latter  is  unsuitable. 

Action.  — ^Tlie  vajM>r  is  very  irritant  when  inhaled,  eiuising  ^tiDg 
and  prickling  in  the  nose  anTI  tHroat,  salivation  and  tears,  and  brrmcliill 
irritation  aotl  catarrli.  In  the  few  cases  of  fmiscunng  in  man  reconltHl, 
the  symptoms  werv  those  of  ga^^tric  irritation  and  consequent  c<Jlap#. 
AVlieu  swallowed  bv  animals  the  watery  solntion  produces  nausen  atw 
vomiting,  which  are  followed  by  naroosis,  coma,  iuhI  in  the  rahhit  bj 
ctmvnlsirms  and  opisthotonos.  The  respirati<^n  in  the  dog  is  vrry 
greatly  accelerated  some  time  before  death,  while  in  the  rabbit  tbi»^ 
not  so  marked  or  is  entirely  absent.  The  bloo^l -pressure  is  increa.*^' 
at  first  and  the  heart  is  shiw,  presumably  from  direct  or  indirect  stinfl"' 
latiou  of  the  medullary  centres.  Part  of  the  fornialdchyde  ab^orW 
has  been  showii  to  jmiss  thn>ngh  the  tissues  uni'hangtd  and  to  ^ 
cxereted  in  the  urine,  and  it  is  possible  that  the  whole  of  it  escaped '^ 
this  wav. 
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powerftil  actioD  of  formaldehyde  on  iiiicrobrs  and  on  mucous 

liraiies  is  believed  by  Ix>ew  to  be  due  to  its  eoiubining  wkli  siinie 

group  in   the   pniteids,  and   as  a  matter  of  fact^  a  nuinlier   of 

have   been  described   in   the  reaetiun  of  proteidn  exposed   to 

lioe.     For  example,  egg  albumin  and  serum   to  which  furmal- 

|dc  solution  has  been  added   are  not   preci|ntated   by  heat  and  are 

[easily  iligested  by  ferments,  wliile  casein  is  nut  euaguhiteil  by  the 

ferment.     Some  of  the  ferments  (  pepsin,  rennet  and  diastase) 

not   affected   by  the  presence  of  formaUlehyde,  while   trypsin  and 

in  lose  their  activity  wholly  or  in  part. 

enediceDti  states  that  formaldehyde  is  a  blood  poison,  causing  alter- 
in  the  form  of  the  eells  and  leading  In  the  iormation  of  hiematin. 
[is  disposed  to  look   upon  this  effect  as  the  chief  factor  in   the  in- 
ition. 

Pre  PARA TIOKS. 

ae,  a  solution  of  forraahlehyde  in  water  containing  35-40  percent. 
iii»  which  may  be  ohtained  trorn  it  by  diatitlation. 

•,  a  solitl  [Kilynier  of  formal dehyd<.%  which  is  decomposed  by  heat 
!il€s  the  foriualdehyde  in  gaseous  form. 

oe  formaldehyde  naay  be  forme<I  by  the  incomplete  corabustion  of 
hyl  aloobolf  and  sevei-al  latnpj^  liave  been  devised  with  this  object  in 
IT,  but  have  not  pnived  entirely  satisfactory. 

I.  —  Formaldehyde  is  too  irritant  to  admit  of  its  use  as  an  anti- 

rtic  in  medicine  and  surgery,  but   it  baa  been   largely  employed  tc 

infect    instruments,  furniture^  eh>thes  and   rooms,  which  cannot   be 

iliged   by  heat.     Diluted  formab'ne  (4  per  cent/)  nuiy  \y^  tLsed    fur 

:  nf  these  purposes,  or  the  va(>or  may  be  disengaged  by  distillation 

fornialine,  by  heating  puratbrm,  or  less  efficiently  by  the  partial 
Dbiisiion  of  methyl  alcohol  Large  rooms  filletl  with  formaline 
>)T  and  left  for  some  hours  are  founil  to  be  aloK^st  completely  steril- 
A^m  that  cultures  of  tlie  pathf>genic  microbes  exposed  in  them  cease 
lgn)w  even  when  removed  from  the  atmosphere.  The  higher  animals 
nauch  less  affected*     Xovy  reeom mends  tluit  the  rnnm  to  be  disin- 

,  be  made  as  nearly  air-tight  as  possilile,  and  tlio  formaldehyde  be 

illed  into  it  through  the  key- hole  of  the  door.      He  states  that  the 

} disengaged   from  l^onj_\c-^-ij:>z.j  of  |0  ^  formal ineLM Jiuifi- 

Dt^^rj^ch^lOfiiLiiuLIiV-ljt^t  uf  ^pace,  if  tlie  room   \m  cln^rd   fru;  10 

ftra.     The  odor  «jf  formaline  may  tlicn.  be  removed   by  .-pLiuklijig 

onia  solution  with^whu'ITlt  fi>rms  a  stilid  combination. 
formaldehyde  has  frequently  been  added  to  f(>od,  es|K'cially  to  milk, 
js  a  prestTvative.    Tuunioliffe  and  Rosenheim  found  that  added  to  milk 

tthe  projM>rtion  of  r>ne  to  five  thousand,  f<*nnaldehyde  did  not  seem 
k>e  deleterious  to  healthy  cliitdrcn,  but  in  the  case  of  a  weakly  child, 
J  [froteid  waste  was  increased,  and  it  is  certainly  not  ti>  Ije  regarded 
charmless  method  of  preserving  food. 

Formaldebyde  la  not  alone  in  its  germicidal  action,  although  it  is  much 
s  powerful  than  the  other  less  volatile  and  \em  active  aldehydes  such  as 
^(lehyde. 
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A  combinfttion  of  gelatin  and  formahlehyde  (Glutei)  has  been  emplo 
.surgery  as  jun  anti.septic  powder.     The  value  of  urotropioe   as  a 
urinary  anliseplic  is  apparently  due  to  formaldehyde  being  Htiemted  ; 
(See  Urotropine.) 
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XXVn.    CAMPHOR. 

iSpmc  of  the  volatile  oils  deposit  crystalline  subBianoes  or  st^ 
ttines  aftt*r  stand iug  for  some  lime,  esjyecially  when   they  are  exp 
to  cold.     As  a  general   rule  these  bodies  are  present   in   only  ^fl 
amount,  and   have   not  been   investigated   apart  fn>m  the  volatile 
of  which  they  form  ctmstituents  ;   hni  a  few  of  tliera  havx'  attracted  ( 
tcutiou  in  therapcuties,  not  only  on  account  of  their  local  etfccts,  \vl 
have   been  described  under  the  volatile  oil  group  (see  page  «>1),  I 
als(j  because  of  their  action  in  the  tissues  after  absorption.     The  ch 
of  thest!  is  Camphor,  which   lias   l>een  used   in    Cliinese    medicine  I 
many    centuries,   and    which   has  also   ]rlayed  a   ainsiderable  r*thi 
Western  tlicrapeutics.     It  is  derived  from  the  rjnna]r]]f)ri]|im  canipjli 
of  Cliina  and  Jajian,  and  possesses  the  form n la  Cj,jH,/>.     Its  ej 
chemical  structure  is  not  yet  utiderstood,  but  there  is  no  question  1 
it  is  a   ljen/,ol   derivative  containing  methyl  and   propyl,  in  so  far! 
semhling  the  terpenes,  from  which,  however,  it  probably  differs  in  1 
presence  of  a  ketone  (—  CO)  link. 

Another  body  closely  rcsemblinpr  ordinar>^  eampbor  is  Bomeol  or  Bon 
camphor  <t\^!l,J>),  which  is  derived  from  the  Dryt.halanops  aromalii^a, 
which  apparently  ditrei-s  from  ordinary  eamphor  in  eontainiiig  the  gr 
(=  rHOH)  instead  or(=  CO).  Ngui  camphor,  which  is  obtained  froa*  Btuinei 
balsam ifera,  is  very  elo.seIy  related  to  borneoL  Another  ste^ropt^enr  \vfiirb 
has  bopn  used  in  niedicine  apart  from  the  volatile  oils,  18  Menthol  (* 
whieh  is  obtained  from  the  oil  of  pepj>ermint,  and  apparently  nui- ■ 
CnOff  groui*  like  borneoh  htit  is  more  eomplctely  hydrated,  Borui-v^l  l^^ 
Imhmv  prepared  synthetically  from  camphor,  and  menthol  from  meulhuor. 
whJeb  oeeni*s  in  oil  of  peppermint. 

Several  derivatives  of  camphor  whinb  have  been  examined,  rcscmWe  it 
closely  in  pharmartdopical  action.  Afonobromated  C<tmphfir  (C,,^j^BrO)  his 
bc*cn  uscvl  in  thenipentics.  while  Oimphoro!  (t\^H,,(>,),  Camphofit  Adi 
(CJl,^(<'(>i>HU.  Amidocaviphor  fC,„H,,XH,0),  Bomtflamine  (C^^,(CH^)' 
(ClIxNlf.,!)  and  sowe  other  derivatives  have  been  the  subjects  of  experi- 
meatul  investigation. 

All  of  these  resemble  each  other  very  closely  in  the  effects  whiA 
they   priidut^c  in  the  orgiuiism,  although  they  vary  in  toxicity  to  5«fl»« 


extent.  Many  of  the  volatile  oiU  induc^e  the  same  symptoms,  but  aa 
iht'itto  lire  u.sed  alrarjst  exclusively  far  their  local  act  ion »  it  has  been 
found  advisable  to  treat  them  separately.  Tiie  earnphur  group  pre- 
neuis  analogies  to  the  simpler  bodies  of  the  aroniatie  series,  to  which  it 
is  so  nearly  related  ehemieally,  and  also  to  picrotoxin. 

Symptoms. — Camphor  acts  as  in  irritant  to  the  skjn  anjj_miicou9 
merai>rant*s  like  the  volatile  oils,  and  has  aTu>t»  bitter  taste,  and  inducer 
in  small  <piantities  a  feeling  of  warnith  and  eotntbrt  in  the-  stomarh^ 
while  after  large  do-^^s  nans€»a  and  vomiting  may  be  canseil   by  gastric 

»irritntion.  It  is  rapidly  alMorbett  and  in  large  doses  induces  headache, 
^  feeling  of  warmth,  confusion,  and  exeitemeut  in  man,  with  slowiugof 
the  pulse  antl  flashing  of  the  skin.  This  excitement  may  l>e  shown  in 
hilarity  and  deliriom  with  hallucinations,  in  restlessness,  or  in  sudden 
%*]o1eut  movements,  which  pass  into  e pi lept i form_jcg u vhi  1  sim is*  Tliese 
alternate  with  pauses  of  quiet  and  nnponsciousness^  which  become  longer 
ootil  the  patient  sinks  into  complete  stupor.  In  {<ome  oises  of 
poisf>ning  no  excitement  is  observed,  t!ic   patient   falling  into  a  condi- 

Ntion  of  drowsiness,  uncons€;iousness  and  stnjior  inmiediately.  In  the 
Ipwer  mammals,  camphor  induces  very  similar  sym[itoms,  wild  excite- 
ment and  epileptiform  convnlsious,  folio weil  by  depression,  stujjor, 
colla|He,  and  death  from  failure  of  the  respi ration ♦  Not  infi*equently 
■^lowever,  the  respiration  ceases  during  a  convulsion  and  fails  to  return 
^nrhen  it  passes  otT. 

^H  In  the  frog  no  excitement  is  obscrvcil  except  frtrm  the  locul  irri- 
^Biition ;  the  animal  falls  int^^  a  conditiou  of  depression,  in  winch  no 
^^kpon  tan  eons  movements  are  made,  although  the  reflexe^s  seem  to  t^ 
^■ittle  affectefl  at  first*  Later,  the  reflexes  disappar  and  the  animal 
PBiescfmipIetely  j>aralyzed. 

▲ctioii :  Central  Nervous  System.  —  The  absence  of  convulsions  in  the 

frog  ha5l>een  attributed  to  camphor  paralyzing  the  terminations  of  the 

motor  nerve  ends  like  curara,  but  is  really  due  to  a  dcst^en^liiig  jwiralvsis 

ftbe  oentral  nervous  system.   Stiniulatiou  of  the  brain  of  the  fwy^  never 

nclaoes  convulsions  such  as  are  seen  in  ujurunials  after  tx'rebral   stinni- 

ibn,  but  depression  of  the  brain  lessens  the  sj>ontJineous  movements, 

le  the   reflexes  remain.     Camphor  first  deprt^sses  the  brain  in  the 

jf,  later  the  spinal  eord^  and  last  of  all  the  lermiuuti(*ns  of  the  motor 

OerveSp  and  the  spontaniNius  movements  cease  first,  therefore,  then  the 

i^flexes  disappear,  and   finally  the  musc^les   fail   to  coutract  when  the 

|>eriplieral  nerves  are  stimulattHl.     The  cord  is  cajialite  of  couthicting 

^^mpulsfs  from  the  brain  after  the  reflexes  are   pandvzed,  so  that  earn- 

^rphor  would  seem  to  interrupt  the  conntHtion  betwe<*n  the  sensor\*  and 

the  motor  eelU  earlier  than  that  Ijetween  the  motor  columns  and  the 

^K^^elU  of  the  anterior  horn.      In   this  respect  its  action   on   the   spinal 

^Bpord  of  the  frog  is  diatuctrieally  o[»poscd  to  that  of  strychnine,  and  in 

^Bicconlance  with  this,  it  has  been  found   that  cnmphor  acts  as  an  anti- 

^niote  t*)  strychnine  in  the  fmg.     The  exact  action  of  nmiphor  on  the 

spinal  cord  in  mammals  is  nt»t  finally  iletermined,  for  Stockman  found 

timi  the  reflexes    were   imt  incrt^ased    in  mammals  by  camphor,  and 
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he  holds  tluit  the  spinal  eortl  is  not  priniiiriiy  stimulated  by  ofJii 
camphor,  and   b  in   faot  deprc.*vsed   l>y  b<)rneoL     On   the  other 
Gottlieb  and  Lapin  assert  that  the  reflexes  are  increased  by  camL 
in  mammals  in  which   the  mtHhilla  ohlongata  has  been  dividetl, 
that  in  the  bird  this  iiiei*eased  irritabiHty  may  even  give  rise  to  ci^ft^' 
viibious.     According  to  them,  the  spinal  cord  is  finally  depressed  in 
mammals  by  very  large  dosei^  of  eamjdior,  but  only  after  stupor  and 
ct)ma  indicate  eummtMieing  paralysis  of  tlie  cerehruni. 

Th e  CO n v n Isi o ns  iti_ niamniaU jiriucei^tiu uly^rujt  due  ta.aQ^lA' 
the  spinal  cord,  Cut  to  stimulation  of_tli_e  bi^hpr  jtc^>^  f>f  tht^  xu   , ,.,  - 
axis.     It  is  often  statal  that  the  medulla  oblongata  is  the  pan  jifl- 
mafily  involved,  but  the  epih^ptiform  character  cjf  the  attacks  ^loinl^ 
rather  to  an  atlectiou  of  the  cerebral  cortex,  and  Stockman  found  thai 
removal  of  tire  cortex  prevented  the  convulsions  in  mammals.     On  the 
other  hand,  Gottlieb  observed  convulsitms  after  camplior  in  a  pigeon 
in  vvhicli  the  cerebrum  had  been  removeiL      It  is  not  improbable  that 
the  basal  ganglia  are  also  thrown  into  a  state  of  abnormal  activity  by 
camphor,  as    by   other    poisons   which    produce    similar  convulsioiUL 
The  loss  of  consciousness  and  the  stupor  observed  in  man  and  the 
higher  animals  point  to  a  final  paralysis  of  the  cerebral  cortex. 

The  action  of  eamjihor  on  the  central  nervous  system  in  mammals 
consists,  then,  in  stimulation,  followed  by  paralysis  of  the  cerebral  areas 
and  probably  of  other  intracmnial  centres,  with  less  alteration  in  the 
spinal  cord. 

The  TernLinatioiis  of  the  Motor  Ferves  are  pamlyzed  in  the  frog  by 
large  doses  of  camphor,  but  not  in  mammals.  The  MaBcles  themselves 
are  weakencil  and  paralyzed  when  they  are  directly  exposed  to  its  so- 
lutions or  vapor. 

The  Heart  is  generally  slowed  byc4imphnr  and  its  allies  in  man  and 
in  most  animals,  but  is  sometimes  little  affected.  The  frog\s  heart  also 
Ijcats  more  slowly^  l)iit  the  contractions  are  stronger  atal  fuller  accord- 
ing to  most  observers^  although  Lewin  found  both  its  al)solute  force 
and  pulse  volume  lessened.  The  changes  in  the  lieiirt  seem  to  be  due 
to  direct  action  on  the  muscle,  and  to  be  inde|icndent  of  the  regu- 
lating nervcn.  Muscarine  fails  to  induce  standt^till  of  the  frog's  heart 
after  camphor,  and  this  lias  been  ascribed  to  an  iucrease  in  tlie  irrita- 
bility of  the  heart  similar  to  that  observed  under  physostigraine.  The 
el!ccts  of  camphor  on  the  mammalian  heart  are  very  imperfectly 
kiujvvn. 

In  Hoine  mammals  the  Blood-pressiire  is  consid e rabjy  jn c r en sed  by 
camphor,  in  i>thers  great  variations  iiccur,  a  very  marked  rise  being 
oliserved  during  the  convulsiv^e  attacks,  while  in  tlie  interval  it  falls  to 
the  normal  height  or  even  below  it.  These  variations  persist  afb:^r  the 
mtivements  are  prevented  by  curara,  and  wuuld  therefore  seem  to 
indicate  that  the  vas^)^motnr  centre  is  either  acted  on  rjircctly  by  cjim- 
plior  in  the  same  way  as  the  cerebral  (*ortcx,  or  that  spiHL'ial  iniptilses 
pass  to  it  from  the  latter  quite  independently  of  those  causing  the  con- 
vulsions.    The  peripheral  vessels  have  lieeu  found  to  be  dilated  by 
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fiolutions  perfused  thmug^h   thenij  hut  it  may  he  questioned 

thier  thU  actiuu  comes  into  play  id  pjisouiiig  ;  tlio  diktatiou  of 

billAneotis  vessels  may  probably  be  explained  by  action  on  the  vaso- 

'  centres. 

\  Respiration  is  somewhat  slower  and  deeper  than  normal,  but  this 

nn  id  generally  insignificant.     During  the  convulsions  it  is  ar- 

I,  and  in  the  intervab  may  be  accelerated  from  the  nm^^cular  ex- 

dnring  the  spasms. 

r  jiormal  Temperature  is  not  affected  by  camphor,  but  in  fever  it 

antipyretic,  like  many  other  aromatic  bodies. 

iphor  is  partially  oxidiz<.Hj   in    the   tissues,  fornnng  eamphorol 

I^^Oj),  this  change  perhaps  being  analogons  to  that  observed  in  the 

ittic  hydrocarbons  and   phenols.     It  is  Excreted  in  the  urine  in 

ination  with  glyeuronic  acid,  n^  a-  and  .ifKjamplioglycurouic  acid, 

llso  in  [)art  in  combination  with  a  nitrogenous  botiy,  which  is  prob- 

uramidoglycuronic  ariiL      Cani[>horol  acts  like  cam]>hor,  but  its 

F'ctinmie  acid  combinations  are  inactive^  so  tluit  the  eiteets  of  cam- 

©r  pass  off  quickly  in  such  animals  as  the  dog,  in  which  these  com- 

ions  are  r-apidly  formed. 

iphor  is  i3ossessed  of  some  antiseptic  action,  although  it  is  much 

t?r  than  some  of  the  bodies  of  the  carlxilic  acid  group,  and  also 

[many  of  the  volatile  oils*      Lcucticytea  cease  their  movements  at 

[when  exposed  to  camphor  solutions  or  vapor,  and  Darwin  found 

fit  acts  as  a  stimulus  to  the  tentacles  of  Drosera,  an  inscctivonius 

\  and  apparently  renders  them  more  sensitive  to  mechanical  irri- 
i 

iphor  produces  redness  and  a  feeling  of  warmth  wlien  rubl>ed 

[tlie  Skin.     Sonietiruesj  however,  a  distinct  sensatitui  of  cold   may 

ienced,  provided  the  rubbing  is  not  too  energetic.      Menthol 

tly  induces  this  feeling  of  cold,  accompanied  by  more  or  less 

Idling,  and  afterwards  by  heat  and  burning.     The  cold  is  not  due 

Dling  of  the  skin,  for  the  vessels  of  the   [xirt  are  dilated,  and  the 

ometer  indicates  a  higher  skin  temperature  there  than  in  other 

(of  the  bfKly.     It  has  been  ascribe*!  to  menthol  being  more  irritant 

terminations  of  certain  nerves  which  convey  the  sensation  of 

llbm  to  those  of  the  heat  nerves  and  pain  nerves,  but  this  is  denied 

ollett  who  states  that  menthol  acts  only  on  the  terminations  of  the 

of  common  sensatitju  or  f^ain,     A  feeling  of  nnml^uess  and  par- 

tjiesthesia  follows  its  application  after  some  time,  and  a  ten  per 

solution   has  been   found    to  produce  anaesthesia  of  the  cornea, 

\  however,  is  preceded  by  pain  and  smarting. 

s action  of  bomeol,  menthol,  broniate<l  camphor^  camphorol  and  cam- 
ficttcid  h  almost  identical  with  that  of  camphor  itseir      Bomeol  ia  less 
rriunt  locally,  and  the  foiivalsioas  art?  less  severe  than  atU^r  camphor,  so 
iairuniils  seldom  die  during  the  convulsive  stage,  and  may  remain  in  a 
» of  stupor  and  collapse  for  one  or  two  days  before  the  respiration  finally 

!  other  hand,  Voger^  Htntement  that  the  germination  of  seeds  is  hastened  by 
f  of  camphor  has  proved  Co  be  iriforrect. 
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ceases.  Aftt^r  menthol,  the  convulsions  are  even  \em  developed  tba 
bonieol.  Both  of  tlieso  ure  excreted  in  combination  with  glycitronid 
Bro mated  camiJh«>r  seems  to  resemble  borneul  more  closely  thjin  camp 
menllml,  while  eamphorie  ucid  and  amido-t-^imphor  produce  jiaymploa 
ilar  to  those  of  camphor,  but  ai-e  much  les^s  powerfuL  Cauiphorf 
lessens  the  secretion  of  perspiration  hy  paralyzing  the  terminatiun^ 
secretory  nerves  in  the  siime  way  as  atropine  and  agaricin. 

Pkepaiiatio>'s. 

Camphora  {V.  P.  F.,  B.  P.)  (CjJI^P),  Laure!  camphor,  a  stean 
tahuul  from  linnamomum  Caui|iiiora,  forms  while  tran?^lucent,   cm 
miusses,  which  are  almost  insoluble  in  water  but  dissolve  readily  in  alo 
ether,  chloroform,  fixed  and  volatile  oils.     0.1-0,6  G.  (2-10  gra.),  in  < 
or  pilL 

Aqmt  Camphonr  {V.  S.  P,,  B.  R). 

BpiRurs  t^\MPHuR.^  (U.  a  P.,  B.  P.).  0.3-2  e.c.  (5-SO  mins.). 

LiNiMKNTUM  Camphors,  cam]iliomtod  oil  (U,  8.  P.,  B.  P.). 

TiNCTUKA  CAMP110K.K  CoMPusiTA  {B.  P.),  paregoHc  contains  1 
morphine  in  2<>00,  L  e.^  each  tluid  drachm  is  equivalent  to  I  grain  of  < 
i-1  11.  dr. 

Lhtfmrntttm  Cumphone  Ammoniafam  (B    P,)»  compound  camphor  Imii 

Camjjhor  is  nhn  an   lugivdieut   in   the  caaiithoratcd  tincture  of  opia 
parc^puric  (U.  S.  P.)  aud  in  soap  liniment  ami  chloroform  liniment, 

Cattiphora  Motmbrottuda  (U.  S.   P.),  monohronmtcd  camphor  (t',^y 
consists  of  colorless  crystals  which  are  (usoluble  in  water,  soluble  in  i 
anil  ether.     iKH-\  O.  (5-ir»  ^rs.),  in  emulsion  or  pills, 

Mentliol  (I'.  8.   P.,  B,    P,)   (i",^,H^^p),  a  stearoptene  obtained   from] 
olUcial  oil  of  peppermint  of  from  Jaiianese  or  Chinese  oil  of  peppermints 
sists  of  ixdorless  crystals  slightly  soluble  in  water,  freely  soluble  in  aln 
or  ether     It  is  used  externally  in  alcoholic  solution  or  moulded  intoi 
an<l  pencils,  which  are  nibbed  on  the  affected  part. 

Eitipimitum  Metithi^i  (B.  P.). 

Borneol  or  Borneo  cam[>hor  ((',„H^J)),  a  stearoptene  obtained  from  1 
ba  Ian  ops  Camphora,  resi»mhles  camjihor  in  appearance  and  solubiUqy 
has  not  been  used  in  therapeutics  and  is  not  oflicial. 

Therapeutic  Uses.  — Camphor  is  used  exterijally  in  the  form 
liniment  or  spirit  as  a  mild  ru befacicntJn  bruisies  und  sprains, 
also  to  distnw  parasites.  lutemally  the  spirit  is  preserilW  «^ « 
carminative  and  as  an  intci^tinal  disinfectant.  1 1«  administration  ^^r 
the  latter  purpose  has  been  shown  to  be  ibOow^ed  by  a  diminutiottrf 
the  double  sulphates  of  the  urrne,  so  that  it  seems  to  retard  the 
faction  in  the  bowel  to  scmie  extent.  The  spirit  is  frequently  giv 
prevent  "chill/'  and  may  relieve  the  congestion  of  internal  oJ 
through  dilating  the  skin  vessels. 

It  was  formerly  administered   in   eases  of  abnormal  irritabiJil 
the  central  nervous  system,  such  as  epilepsy  and  various  other  ft 
of  convulsions,  including^  those  produced  by  strychnine,  hut  its  ai 
would  seem  to  contra  indicate  its  use  here    and  camphor  is 
prescribed  in  these  cases  now* 

It  has  been  used,  apparently  with  success,  as  a  stimulant  to  the  c^J^* 
tral  nervous  system  in  unconsciousness  and  collapse  arising  from  af- 
ferent causes,  and  in  the  depression  and  w^eakness  of  acute  fevers,  W 
many  of  these  cases,  a  marked  improvement  in  the  pulse  has  l)etfl^^ 
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vcd  after  ramphnr  ;    this   may  be  diit^   to  the  direct  action  on  the 
irt,  or   may  jxrhaps   be  explainefl   by  its  actinn  iw  a  liK^al  stomacliic 
St4itU    pnniueing  chatiges   in   tht^  circulatiun  rctlexly.     SoUitiuuj^  of 
uphor  have  been    injecttHl  sul)ciitaTRHHisly  in  these  cases,  but  they 
pain  and  swelling  at  the  prvint  of  iiijeelinri,     Camphor  is  abiiost 
^rely  insriUil>h'   in    watery  thirds  and    is  a[»parcntly  absoHKMl  slowly 
with  ditlieuUy   in    some   conditions,   and    this    may   explain   the 
pncc  of  effect  in  many  cases  of  collapse  treated  with  it. 
Camphor  is  oftCTi   prescril>ed  in  expectorant  mixtnres,  especially  in 
rom  hi  nation  with  opinm,  as  in  jiarcgoric. 

It  has  been  advised  in  hysteria^  and  both  as  an  aphrodisiac  and  as 
an  anaphrodisiac.  Any  eift^ct  in  these  conditiona  ninst  probably  Ijc 
a^cribetl  nit  her  to  hypnotic  suf^gestion  than  to  the  real  action  of  the 
drug. 

[enthcd  is  usetl  almost  exclusively  for  its  eftcct.s  on  the  sensory  nerve 
li nations,  and  is  appli(:Hl   by  nibbing  the  crystals  or  sticks  on  the 
!^kiti  iti  cases  of  headache  and  neuralgia. 

Bomeol  and  monobromated  mniphor  are  entirely  snperflnotis.  The  latter 
was  at  ooe  time  used  aa  a  sedjitive  In  nervous  excitement,  but  doeB  not  seem 
W  have  been  at  all  benetictal  and  has  fallen  into  disuse. 

^Camphoric  acid  has  been  found  to  lessen  the  nig-ht  sweats  of  phthisis 
^■1  18  given  lor  this  purpose  in  powder  m  doses  of  1-2  G,  It  pog* 
^bea  the  advantage  over  atropine  of  acting  only  on  tlic  sweat  glands 
Vr  the  dose  given,  and  on  the  other  himd  has  no  such  action  on  the 
digestion  as  is  sonietim€\s  coniplainetl  uf  when  a^HHn  luis  been  pre- 
ibed,  (/araphorie  acid  is  slowly  absorbed  and  oui*;ht  to  be  given  an 
If  or  more  before  retiring.  It  lias  alsti  been  use<i  as  an  antii^ptic, 
b  very  much  less  efficient  than  salicylic  or  carbolic  acid. 
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Mltak»  or  tnosclm^,   b  the  dried   st^oretion  of  the  preputial  follicles  of 
Bfepchns  mosfhifenia,  the  mask  deer  cif  Thil>et.      It  forms  a  durk^  retldtsh- 
■kwn^  cnimliliiig  iiiiim^  with  ii  vory  stmn^  characteristic  otior.     Alioiit  10 
|ttr  oeau  is  (Soluble  in  aloohol,  abi>ut  Mi  pur  eeiiL  in  wntcr* 
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Muak  has  loug  h^en  repuU'd  to  have  a  verj'  powerful  action  in 
but  is  so  lart'ly  i»rooyrable  at  the  preseut  day,  except  in  a  very  muciii 
tt'iateil  furm,  that  it  is  fonnmratively  seldom  used»     Verj'  little  is 
with  certainty  as  to  its  composition,  and  tbi*  odoriferoufi  matter,  wi 
belifved  to  be  the  active  principle^  hiia  scarcely  been  exiirnined. 

In  iiome  eaily  investigulions,  musk  was  foitud  to  cause  headache,  gid 
and  confusion,  with  a  feeling  of  weight  and  uneasiness  in  the  i«toniach  ;  | 
depression  and  drowsiness,  and  eveuUuilly  sleep.     Tremors  and  cviJi] 
vulHive  movements  have  also  been  observed,  juid  the  pulse  is  said  U>  I 
eelenited  and  strengthened. 

Filehue  found  tremors  and  contractions  of  i^ated  muscle  bundles] 
duced  in   the  fro^  Iron*  the  aclit^u  of  an  extract,  and  concluded  ih 
motor  terminations  were  stimulutcd  by  it.     On  the  other  hiind,  Her 
who  studicil  the  subject  more  recently,  could  find  no  effects  from  the  i 
istrattuu  of  musk  to  men  or  animals. 

Moschus  {V.  S.  P,,  B.  P.)  bus  been  recommended  in  hysteria  and  \% 
lapse,  iuid  is  prcscnl>cd  either  as  a  powder,  in  do^es  of  0.5-1  G.,  whi<;h| 
be  given  per  rectum  when  swallowing  is  imiiossildef  or  lu  the  form  ( 
tincture  ol  the  ti.  S.  P.,  in  doses  of  5  c.c.     It  is  rarely  used  at  the  pw 
timi\  and  may  be  considered  entirely  superfluous* 

Castoremiii  the  secretion  of  the  preputial  follicles  of  the  beiiver,  j 
formerly  used  for  the  same  puqiosc**  as  uuisk.  but  was  never  shown  to  1 
any  effect  whatever  autl  has  falleu  into  complete  disuse. 


XXVm.    PICEOTOSN. 

Picratoxin  is  the  best  known  member  of  a  group  of  convulsive  | 
gous,  which  resemble  each  other  very  closely  in  action,  but  of  wk 
chemistry  little  is  known  beyond  the  fact  that  they  are  devoidj 
nitrogen.  It  is  obtained  from  the  Anamirtit  pan icu lata  (Auan 
coeeolus,  Menispermtim  eocculiis),  and  is  a  iieutml  indifferent 
Picrotoxin  (C^jH^^O,,^)  may  Im  broken  np  into  pierotoxinin  (<\J'«^ 
which  resembles  it  in  it**  effects  on  animals,  and  picrotiu  (Cj^H^fl 
which  is  inactive. 

Other  poisons  resembling  picrotoxin  are  C¥ci*foxtn,  derived  ftim  1 
Cieuta  virosa,  or  water  hemlock,  and  probably  from  other  si^ecies  of  Cifll 
(Enanthtttoxtn^  the  a<tive  principle  of  <Enanthe  crocata^  water  dropwori 
dead  tonf^ne^  and  fb/mwi//W/ii,  wliich  occurs  in  several  ^pec^es  of  C<1 
of  whi4'h  the  best  known  is  the  Coriaria  my rti folia  or  eurrier*s 
Another  species  of  Corinria  affMrds  the  toot  poistm  of  New  Zealand, 
hcrotorin^  which  has  lieen  prepared  irom  a  Japanese  sfuciis  of  Phylolad 
resembles  picrotoxin  in  its  actum  and  may  probably  be  contained  in  f 
offirial  (U.  t^.  P.)  Phytohiecii  det^andm,  or  pokcberry.  Ltt=>lly.  a  nu 
of  the  members  of  the  digitalis  series  may  be  deeomf>oscHi  into  bodit-^wli 
devoid  of  the  eharacteri.stic  cardiac  action  of  dij^iialis,  produce  the  ^«me 
symptoms  as  picrotoxin  Among  these  may  Irie  mentioned  ToxirmA^  ' 
tiiined  from  digitoxin,  Digiiaiirtsin  from  digitalin,  and  OleandrrMin 
oleandrin.  These  bodies  all  produce  powerful  stimulation  of  the  ccdO 
nerv^ous  system,  more  especially  of  the  areius  around  the  meduUa  oblonptl 
The  chemical  connection  between  them  and  the  members  of  the  liigiU 
peries  hjLs  been  mentioned  already*  It  may  be  ad4led  that  the  tuoj 
are  similar  in  action  in  some  respects,  for  although  picr«>toxin  does  DOlifl 
the  begirt  and  vessels  in  the  same  way  iis  digitalis,  tiie  latter  |)OS8€«ec6  ih* 
charaeteristic  action  of  picrotoxin  on  the  medulla  oblongata,  altiiottgb  w* 

Unaugund  Dissertation,  Bonn,  1888, 


PWROTOXIN, 


4a7 


w 


tker  degree  ;  iu  fact,  some  of  the  remedies  described  under  the  digitalis 
•eriea  net  as  sitrangly  on  the  central  nervous  syst-em  iva  on  the  heart.  Piero- 
toxiu  re^emble^  cmaphor  also  in  it.s  etiects.  Two  alkaloidn,  Samnndarint'  und 
Saamamdaridine^  recent ty  i.^^lated  by  Faust  jroni  the  skiu  uf  the  newt  up- 
pQttr  lo  Mseembie  pierotoxin  in  their  effects  on  lunuuits. 

Symptoms.  —  The  syraptoms,  which  are  often  somewhat  late  in  aj)- 
|ii^inng,  are  \'i^vy  siniibr  iti  all  ehasses  of  verte!>mtos.  In  mau  vom- 
iting Li  not  iDfreqiieiitly  observed  after  members  of  this  series,  or  the 
first  symptoms  may  be  salivation,  accelenition  of  the  resptratiiin,  and 
me  slowness  of  the  pulse  and  palpitation  of  the  heart.  A  condition 
stupor  and  uneonsriousnes8  follows  and  then  a  series  of  powerful 
ooovnlsions,  which»  eommencing  in  tonic  spasms,  soon  change  to 
clonic  movements  of  the  limbs  and  jaws.  The  re.^pi ration  is  inter- 
rupter] durinji^  these  spasms,  but  is  reinstated  during  the  intervals  of 
quiet  and  cfjllapse  which  foth>w  tliem.  The  convulsions  return  after 
u  short  paiLse,  antl  this  alterati<>n  of  spasm  and  qniet  may  continue  for 
some  time,  althongii  the  re-^piration  often  fails  to  return  aft^r  one  of 
the  »pa8m§,  and  fatal  asphyxia  results. 

Similar  effects  are  observeil  in  the  lower  mammals.  After  a  pre- 
liminary st^ige  in  which  tvvitchint^  of  the  muscles  and  vomiting  often 
I  OctMir,  and  in  whieli  the  respiration  is  accelerates],  while  the  pulse  is 
^^tow,  a  violent  emprosthotoDic  convulsion  sets  in,  but  soon  changes 
P  to  clonic  movements ;  these  may  last  for  some  time,  but  eventually 
\  become  weaker  and  give  place  to  a  (X>ndition  of  quiet  and  depression. 
^■ft.n  ituTease  iu  the  reflex  excitability  is  noticeable  during  I  his  interval, 
BWie  animal  is  easily  startled  and  oa^asional  twitching  of  the  muscles 
iiiiiy  l>e  ol»served.  Very  soon  a  second  eonvulsion  sets  in,  and  this 
may  be  fatal  from  lusphyxia,  but  the  symptoms  often  continue  for  an 
hour  or  more,  violent  spasms  alternating  with  periods  of  depression 
aufl  wjllapse.  Iu  tlie  frog  clonic  convnlsious  are  als^v  the  chief  filature 
♦  if  the  iaCoxication.  Very  often  the  animal  becomes  distended  with 
air  <luring  the  c*cmvulsions,  and  jjives  a  curious  cry  in  releasing  it* 
The  heart  is  always  slowed  and  may  cease  to  lieat  altogether  for 
a  time. 

Action.  —  The  clonic  convulsions  of  pierotoxin  poisoninji:  are  al- 

t*igi»ther  different  from  those  of  strychnine  and  other  similnr  bodies, 

which  induce  pndongtMl  tonic  convulsions,  and  it  was  early  surmise*! 

that  the  meml»er8  of  this  series  act  on  a  diff*erent  part  of  the  Ceatral 

WtfYPtifl  System.     The  convulsions  are  ff»und  to  pen^ist   in   the  insy^ 

after  the  cf^rebrnm  has  been  destroyed,  and  even  when  ail  of  the  brain 

abi>\*e   the   medulla   oblongata    has   been  removt>d,  although    they  ar<:» 

W«akeni*d  by  the  destruction  of  the  optic  lolies.     On  the  other  hand, 

they  dis:ip|H'ar,  or  at  any  nite  lose  their  typical  character  when  the 

leilulhi  oblongata  is  removed,  so  that  it  would  seem  that  pierotoxin  and 

alliea  act  chiefly  on  the  metlnlla  oblongjita,  while  the  spinni  cord  and 

le  higher  jiarts  nf  the  brain  are  ivjmparatively  littlr  affeetrd.     Strvch- 

ne,  on  the  other  hand^  exercises  its  t-bief  action  on  the  ^pinal  c<ml, 

hile  the  otlier  parts  of  the  central  nervous  axis  are  le«is  affecteil.     It 
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I  UoU  picrotoxin  stimulatetl  a  '*  ooiiviilj*inn  cei 
in  Ibe  mffialla  cililiiiigata»  but  there  b  do  rea.son  to  l)elie ve  that  au? 
difiBtte  aiCB  exists,  and  it  would  rather  appear  that  inten^M*  §timi 
of  tlie  medtdlm  in  g^tK^nil  leads  to  clonic  contractions  of  the  nil 
ttuoogboat  the  body.     Tbe  effects  of  the  simulation  of  the  imiivii 
eenli«s  in  the  medulla  are  seen  in  the  acceleration  of  tiie  respii 
the  ekyw  poke,  which  is  due  to  inhibitory  action,  in  a  ver>-  marki 
of  Ibe  blood-picaBare,  and  in  tlie  vomiting  and  salivation.    The 
cMoQfata  b  iiol,  however,  the  exclusive  seat  of  action,  for  io 
animals  the  reflexes  are  found  to  be  increased  when  the  iii<?diill 
seirefed  from  the  oord^  and  this  indicates  that  the  spinal  cord  U 
more  exeitable  than  normally.     This  action  on  the  i^pinal  conl  is 
aeen  in  the  fish  and  reptile,  and  is  much  less  marked  in  the  frx^g 
mammals.     In  the  former,  picrotoxin  causes  convulsions  even  after 
medulla  oblongata  is  removed,  but  in  the  higher  animals,  in  which 
imioiioiis  are  more  differentiated,  it  merely  increases   tlie   reflcK 
ouifles  very  slight  convulsive  movements  ;  and  the  higher  the 
in   the  scale  of  the  organism,  the  more  closely  is  the  actioa  of 
series  confined  to  the  medulla  oblongata. 

It  may  be  questionetl  whether  the  higher  divisions  of  the  n( 
axis  are  concerned  in  the  picrotoxin  intoxication,  for  though  in 
animals  restlessness  and  increased  8|K>ntaneous  movements  are 
they   may   jierhaps   be  tlie  indirect  results  of  the  alterations  in 
respiration  and  circulation. 

The  Heart  is  rendered  slow  by  picrotoxin,  and  in  the  frog  may 
to  a  standMill  during  I  lie  convulsions.     This  is  due  princijially  to  stii 
lation  of  the  inhil>itory  centre  in  the  medulk,  since  on  division  of 
vagi  the  heart  returns  to  almost  its  normal  rate.     Some  direct  tie] 
sion  of  the  heart  is  olxserved  after  large  doses,  for  the  pulse  rei 
slowed  even  after  atn»pine  or  division  of  the  vagi.      This  action 
heart  m  not  similar  to  tliat  characteristic  of  digitalis,  as  has  be<^u 
posed,  but  is  a    paralysis  such   as   is  observeil  after   many  poi 
(e.  <^»,  chloral).     In  s<ime  cases  acceleration  of  the  heart  is  seen  to' 
the  end  of  the  intoxication,  and  this  has  been  supposed  to  be  di 
stimulation  of  the  accelerating  centre.     Picrotoxin  causes  a  very  mi 
rise  in  the  arterial  tension  from  stimulation  of  the  vaso-constriclor< 
tres  in  the  medulla  ant  I  up|>er  part  of  the  coni. 

The  Eespiration  is  acceleratetl  Ijefore  any  convulsions  set  in,  and  ffl 
the  intervals  between  the  spasms  is  also  very  rapid,  owing  to  the  actioffl 
on  the  centre.  Late  in  tlie  intoxication  the  lirt^a thing  may  t»ecofflf 
slow  and  lalmred,  prubably  fn>m  ai>proaching  central  paralysis.  ^ 
the  frog,  spasm  of  I  lie  laryngeal  muscles  prcv€»nts  the  escape  of  «i^ 
from  tlie  lungs,  so  that  tlu^  animal  becomes  enormously  inflated. 

The  Vomiting  t>ften  observed  in  man  and  the  dog  under  picmU>5ici 
IS  prolmbly  of  central  origin  and  not  due  to  gastric  irritation* 

The   peripheral  Nerves  and  Muscles  do  not  seem  to   be  affected  ^^' 
^istvns,  with  the  t'xct^ptions  of  toxiresin  and  digitaliresiUj 
^lessen  the  irritability  of  the  muscles. 
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ite  of  picrotoxin  in  the  body  and  the  way  in  wbieh  it  is  ex- 
,  ikre  unkuowD.  Like  other  oonviilt^ive  {XJisons,  it  tends  to  lower 
iperatiire  when  it  is  given  in  small  quantities  so  tliiit  no  con- 
follow, 
convulsions  of  picrotoxin  and  its  allies  disappear  wlien  eldortj- 
1  or  chloral  is  admin i^?{ered.  On  the  other  haad,  the  respiration, 
killed  by  narootic  poisons  such  as  chloral,  is  accelerated  by  picro- 
li  the  blmKl-piTssure  rises,  and  the  sleep  is  less  prolonged,  Ani- 
I  are  not  awakened  at  once  from  narcosis  by  picrotoxin,  but  corla- 
in  has  this  effect. 

[!n>toxin  is  not  antidotal   in  morphine  poisiining  in  animals,  but 

possibly  be  so  in  man  (see  page  213).     On  the  contrary,  Kossa 

that  very  much   smaller  (puintities  of  morphine  were   fatal   to 

bits  when  half  the  fatal  dose  of"  picrotoxin  was  given  at  the  same 

Preparations. 

t^xmnm  (U.  8.  P.,  B,  P.),  picrotoxia  (C^U^O^^),  a  neutral  principle 
toed  from  Anamirta  paniculata,  slighllv  suluhle  in  water,  much  more  so 
kx?hul.     0JXil-iMKi3  G.  U\-Ij  gr.). 
hjftoiarcif  Fructus  {V,  S.  P.),  the  fruit  of  Phytolacca  decandni  or  poke- 

ium  PhytiPlaix'ie  FiuUlmn  (U,  S.  P.)i  0.3-2  G. 

Badix  (U.  S.  P.),  the  root  of  Phytolacca  decandra  or  poke- 


^l>eatic  Uses.  —  Picrotoxin  has  been  used  as  an  ointment  to 
ay  pediculi,  and  in  some  forma  of  skin  disease,  but  is  too  poison- 
ito  be  recoramendt^i  for  this  purpose.  It  has  been  proposetl  to 
pre  it  by  sul>cntaneous  injection  in  cases  of  collapse  and  in  narcotic 
'ti*^,  but  according  to  Kr>pj>en,  eoriamyrtin  is  more  efficient  in 
It  has  not  been  employed  for  this  pufjwse  in  tlierapeutics  as 
JtrL  It  has  some  reputation  in  the  profuse  ni^ht-sweats  of  phthisis, 
wUch  it  diminishes  in  a  certain  proportion  of  cases,  probably  by  in- 
CRtsiog  the  respiration  and  thus  preventini^  the  stimulation  of  the 
liervoag  mechanism  of  perspiration  tlirou^h  the  partial  asphyxia. 
^ytolaoca  has  been  advised  as  an  emetic^  but  is  slow  in  action  and 
erous*  It  is  seldom  prescnln^d,  and  appears  to  be  superfluous, 
fate  until  its  action  has  been  ascertained  with  more  certainty. 
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TXTX.    THE  mGIT^U^SEKIES. 

The  digitalis  series  embnices  a  considerable  number  of  sub 
which  are  characterized  b_v  their  action  on  the  heart-     They  are  ' 
distributed  in  the  vegetable  kingdom  in  very  different   botauical 
iiiciri,  and   have  long  been  in  use  for  variou.^  purjjoses  in  civilizi^d 
uncivilized   countries,     Scjuie  of  them  were  emploved  as  remc-die 
the  laity  long  before  their  virtues  were  recognized  by  the  medical  i 
fession^  while  others  have  been  used  as  arrow  poisons  by  the  nativn 
different  pa^T^i  of  Africa  and  of  the  Eastern  Archi|>elago. 

The  most  impirtant  plants  which  contain  Ixxlieg  lielonging  to  ( 
group  are  Ditjit<  tJU  p  n  rpu  rcn  ( purple^  i^ix;;Iove ).  Strop  ha  nUimJiimd 
Komhe^  anJ  *Se///a  markima  (squilLs).  (>thers  which  are  ISs 
qucntly  used  are  tieJleborus  n iger '  (tv h ri s t mas  rose),  (bntnfiaria  i 
jaliH  (lily  of  the  valley),  Apoc^num  cannabinum  (Canadian  hempU 
Affoniji  t^ernalh  (pheasant^s  eye).  Similar  effects  are  obtained  ffj 
bodies  contained  in  other  species  of  these  genera  and  in  a  large  \ 
ever-growing  list  of  other  plants,  such  as  AtUkirU  (Upas  tree),  AV 
(oleander),  Aeokanitura  (ouabaio),  Eri/throphkeum  (sassy  bark  or  < 
bark),  Thpretkiy  Vrtvhke)^  and  CoromfltiJ'  Numbers  of  other  pla 
are  said  to  resemble  digitalis  in  their  effects,  but  until  this  has  [ 
shown  by  more  careful  invcstigiition,  it  is  undesirable  to  add  theml 
the  alM>ve  list,  which  is  already  extensive  enough.  Many  of  the  ar 
poisons  certainly  contain  digitalin  bodies,  but  even  their  lK>tiaiid 
origin  is  unknown  in  nuiuy  instances.  Tliese  bodies  are  not,  liowevl| 
confined  to  the  vegetal  tie  kingdom,  for  Faust  has  recently  isolateil  1 
substances^  from  the  ?kin  of  the  toad,  which  induce  the  same  cha 
in  the  heart,  and  the  Epinephrine  of  the  suprarenal  capsule  (see  gup 
renal  gland)  has  been  recently  shown  to  have  very  similar  effoej 
Salts  of  barium  also  induce  many  of  the  changes  characteristic  oft 
series. 

The  active  principles  of  the  plants  of  this  group  present  many  poilj 
of  resemblance,  and  some  of  them  wliieh  are  now  believed  to  be  distid 
may  prove  to  be  identicaL  Thnir  isolation  is  attended  with  coosid 
able  difficulty,  as  many  are  amorphous,  nn<l  but  few  of  them  fol 
combinations  with  the  ordinary  chemical  r»:^gents.  ilost  of  them  i 
ghicosides,  others  are  indifferent  bfxlieSt  and  one  or  two  are  alknloU 
There  are  often  found  in  a  plant  several  distinct  Imdii^  lKiloiiging| 
this  series,  antl  these  may  again  be  accompanied  by  others  which  f 
diice  the  same  symptoms  as  piert>toxin  or  sa]>onin. 

Bigitalia  has  iH^eii  more  carefully  examined  from  the  chemical  jnnot 
of  view  than  the  other  plants,  but  even  its  active  principles  an*  (itill 
only  partially  known,  and  the  subject  is  yet  in  an  unsatisfacti>rv  state; 
for  the  amount  and  character  of  the  active  c^onstituents  seem  to  vaiy 

>  This  raoat  not  be  confused  with  creen  and  white  hellebore  f«ee  pa^  338i.      , , 
*Cactus  granitiflaruff  (t^Vreus),  whirti  has  been  nvommended  89  a  KubetUutufordip' 

ttiUs  hii^  no  simihir  nilion  wmX  dti^  not  hek»nif  to  thb  s^rie^. 

aT^  niim<'d  Bttjonin  and  Bn/otalin  nnd  nppeiu"  to  be  nearly  related  tocM^J 

teriTi 
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not  <^°v' !!!    '  ^rent  seasons  and  in  plants  grown  in  different  soils,  but 

yy  \n  ihn^^i^t  parts  of  the  same  plant.     Tht^  chief  iwtiw  |iriiicipiea 

,fe  i#ol»^*-'**  *^y  S<;hriMLHleb*>r^  iu  1H74  and  tils  statements  have  more 

feot'y  ^^^-'t"  ^^**firmed  and  extended  by  Kilimii.      There  appear  to 

^^  at  ^^^  .         S'UooHides  in  digital  in  wliieli  j>oss4l'ss  the  eharacteristic 

^fdi'^<^-  ^^  *  -'^if/itann^   Dhjlfophijiltn^   Difftfaltn  and    DhjUaldn  — 

iind  ib^'^.*  f  *^^^*^*ni>unie<I  by  one  or  more  gluensides  {Dif/itount}  whieh 

Jja v^  t  n*?  *      "  ^*  ^  ac  1 1  o  n  o  t'  sa  po  n  i  n  and  like  i  t  s  u  sp  c  n  d  i  n  sol  u  h  1  e  lx)d  \{^s 

jjj  ^*al^"*'       .^^'  Phurmacf>pa?ial  prei»a  rat  ions  are  made  from  the  leaves, 

in  wl»i^"  *^Jg*^^Xin  and  digitophyllin  are  tlie  most  im|Jortant  eonstitn- 

eul^' *^*^^*^    ^  ^*^^i\ll  <piantity  of  another  ^lueuside  reserabh'ng  digitalin 

j^  al^'  prct*<?nt.       The^e  gincosides  are   i*rartieally  insoluble   in  water 

^fien  pi*re^  "^t  are  taken   up  from   t!ie   leaves   by  water  owing  to  tlic 

-^P^i^eti**  ^^  ^^^  digitonios,  m>  tliat  the  iu  fusion  of  digitalis  leaves  is  a 

v^^r^'  l>*^^**^  .^^  preparation.     The  aelive  glueosides  are  more  soluble  in 

«]ct>bol»  while  digitonin  is  iusoluble^so  that  the  t i net u re  contains  pmc- 

k^ciiily  *'^^  ^Jiniie  o^jnstitnent:^  as  the  iid'usion  exet^pt  digitonin. 

■      Xb^  peril'^  of  digitalis  are  not  pharmaeopreial,  but  are  extensively 

r  tided  f«**  *'*^  preparation  of  the  so-calleit  digitalines  of  eonimerce.     They 

^^i}fjiia  digitalin  and  digitalein  in  large  amounts  w^itb  a  small  pereen- 

t^^  of 'ligitoxiii  and  a  larger  proportion  of  digitonins  than  the  leaves. 

j)iVttalin  is  less  insoluble  in  water  than  digitoxin  and  iligitalein  is 

fre<^l^*  soluhle.     The  preparations  from   the  seeds  thus  ditler  entirely 

ffttni  the  Galenical  pre|>a  nit  ions  which  are  formcfl  exclusively  fnnm  the 

yes,  and   most   clinicians   tin<l   them   less   siuistaetory    in    practice, 

_  Igitoxtn  in  mucli  the  most  [wnverful  constituent,  and  the  small  amount 

IP  irbich  It  is  preseut  in  the  digitalines  prepartHl  from  the  seeds  prob- 

hiv  aecounts  for  their  unsatisfactory  ettcets  iu  therapeutics, 

fltraghantlnp  Kombe  contains  a  er vstall i ne  gl ucos^^^i^  stroi/haiitkln. 

^hilc  other  varieties  of  strophantlius  such  as  S,  hispidns  nrntain  another 

^Iticomle^  p><f'nthi'iitrophanthin^  which  is  prolmbly  nearly  relateil  to  stro- 

ivhiinthiii  but  is  about  twice  as  poisonous.     Another  glucoside —  Onn^ 

b^tn  or  Aeoktiiitherin — is  found  in  Strophanthus  glalicT  and  in  Aco- 

kunthera  and   is  also  closely   related  to   strophanthine     Some  of  the 

phanlhus  genus  contain  ntm-glncosidul  aerive  bodies.      The  stro- 

ihaotbin  of  eomuierce  is  generally  derived  from  a  mixture  of  different 

Bp«'cies  and  vari««  much  in  com}K>sition  and  toxicity. 

8cillajftft£itima  nr  <(|j^il|.^J.^  said  to  contain  Srlffain^  a  giucnsije.  very 
^inH'Iy  so  in   water,  Ijut  this   rcipures  further  in- 
ligation.     Several  other  active  constituents  have  been  dcNTilxHl  in 
uills,  but  none  of  them  have  been  actually  isolated^  and  they  may  be 
merely  impure  forms  of  si' il lain.     8a|K>nin  Ix3<lies  are  also  presentt 

HaUeborufl  niger  contains    Il^Uvhonin^  a  g!ufX)side,   which   is   very 
sobiblc  iu    witer,  and   resembles  digitalin   in   action,  arid    Ifffliborin^ 
ta  insoluble  in  water  and  has  an  entirely  different  effoct 

in  (obtained  from  CiinvaUaria),  Adomdin  (Ationis)^  Oleandrin, 

iim  and  Seriodorin  ( N e r i u in ) ^  Euttn tjm in  { Eu o a y  rn us ),  A  ni iarin  ( A ii  t  t;i ris) , 

flu  and  Qfrberin  (Tlievetia),  Cheiranihin  (Chci  ran  thus),  Q^ronUUn  (Ckira* 


I  kani 
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Dilla),   Tanghinm  (Tanglnnia  venenifera),  and  Apae^t^*^^  (ApocjTiunii 
glucut^ide^,  while  A^jocynin  (Apc»€ynum)  is   iDdttlureut   and   £jythr 
(Erythrophla^um  j2:uiiien*4e)  b  a  glucosidal  alkaloid. 

With  the  exception  of  the  lust,  theu,  the  menibers  of  thi^  series  i 
Imve  heeii  examined  hitherto  are  either  glueosidesor  inditierecit-^ubiti 
eoDlaining  earhoo,  hydi*ugen  aod  oxygen,  but  no  nitrogen.     They 
liable  to  decompot<e  when  kept  long  in  watery  solutionis,  and  espeetally  1 
heated  with  acids^  and  then  frequently  form  substances  which  no  longer  j 
sess  the  digilnlin  action^  but  are  rather  to  l)e  clas-sed  w  ith  picrolosdrK 
page  431?.)     It  will  be  sihown  later  that  even  digitalin  and  its  cotigeneiB^ 
this  picrotoxin  action  to  a  greater  or  lesser  degree,  and  it  seems  prob 
therefore,  that  all  of  them  are  derivatives  of  some  common  nueleusi. 
belongs  to  the  picrotoxin  series,  but  which  in  combination  assumes  *j 
character  through  its  action  on  the  heart  and  vessels* 

Erjthrophheine  and  a  more  recently  isolated    alkaloid,  Muttwine,  t 
resembles  it  in  most  respects,  split  off  a  molecule  of  sugar  when  thi^yj 
boiled  with  acids.     This  glucosidal  reaction  perhaps  mdic*atc«  that  the 
more  closely  related  to  the  other  members  of  the  series  than  would 
at  first  sight. 

Actiom.  —The  digitalis  series  possesses  a  local  and  a  general  ad 
The  Local  E^cts  consist  in  primary  irrihition.  followed  Ireqtifl 
by  paralysis  ot  tlie  s^'n>?cjry  nerve  endings]  Tims  iu  the  eye  a  3 
quantity  of  a  soluttoo,  or  a  minute  particle  of  the  dry  poison 
the  most  intense  pain,  redness  and  congestion  of  the  conjunctiva,  an^ 
the  symptoms  of  an  acute  inflammation.  On  the  tongue  the  bitter  J 
irf  followed  by  burning  pain  frequently,  and  if  the  powder  be  < 
into  the  nostrils  and  hirynx,  marked  ssvelling  of  the  mucous  meisbfi 
sneezing,  cougliing  and  hoarseness  are  produced  iu  many  persons, 
ha%^e  little  action  on  the  skin,  although  here  too  smarting  is 
ally  produced;  hut  when  injected  subcutaneously  many  of  them  ( 
marked  i  oil  a  nun  at  ion,  which  not  infrequently  ends  in  the  formatio 
abscesses,  even  although  the  injection  lias  l>een  absolutely  aseptic 
same  irritant  action  is  protlueed  iu  the  stomach  by  sjeveral  of  th 
and,  iu  fact,  by  all  of  them  wlien  taken  in  very  large  quantities  or  I 
long  periods.  This  irritan|  actioo  is  not  equally  markt^d  throng  boat 
the  series,  however,  for  digi toxin  is  much  the  most  powerful  in  tlu» 
respect,  while  digitalin  may  be  iujeetcil  subcutaneously  without  JangfT 
and  without  pain.  Their  h)cal  irritant  action  explains  the  use  of  ?»]"ill* 
as  an  emetic,  and  of  euonymns  as  a  purgative.  Tlie  htcj|l  flnaifsjthelic 
property  is  likewise  not  equally  developed  in  all  the  n)eml>crs  of  tbe 
series;  several  of  them  (strophanthine  ouabain,  erythrophlceiDt)  bavc 
been  suggestetl  as  local  anaesthetics  for  the  eye,  but  their  prinian'  i 
taut  effect  precludes  their  use  for  this  purpose. 

After  absorption,  the  chief  symptoms  are  due  to  their  action  on 
eeninil  ncrvaus  system,  the  lii;j|rt,  and  the  Ynssels,  more  es|K»ciallp^ 


1 


the  two  last.  The  action  on^the  Oentral  Nervou¥  System  is  fretjuentlj" 
ign<»rcil  itr  attriljuted  to  the  cljauges  m  die  heart  as  a  secH>ndary  effec^i 
but  there  is  uutloubteclly  a  stjjjiulaiii^a  of  some  of  the  nerve  centres 
quite  initepcmlcnt  of  the  action  on  the  heart  and  vessels.  Thi«  stlnt^^ 
Uition»  like  that  of  picrotoxin,  seems  almost  entirely  limited  to  ib^ 
ledulla  oblongata  in  many  eases.     In  the  frog  the  excitability  of  tte 
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IS  irflen  liiwered   by  members  oi  this  series,  probably  liecaut^e 
ititiHtse  stituulatiou  of  ihe  me<lulla  oblon^ita  ;  but  sonjcitimes  a 
ly  incnuLsed  irritsibility  is  obr^rved.    These  aherations  are  iiinrh 
r  tiiiifi  tho^^e  eaui^iHl    by  tlie  i n terry pt ion  of  thi*  etreulatimi,  aiul 
refore  independent  of  the  action  on  tlie  lu  art,  to  wliieh  tliey  have 
erroneously  :isicrii>ed.     More  marked  symptoms  are  produced  in 
mab,  however,  by  this  central   nervous  stinndation^  for  in  these 
'   is  elicited  very  soon  after  the  iojeetion  of  large  quantities, 
'fe  the  heart  is  very  seriously  affected,  and  this  is  undoubtedly 
nction  on  the  medulla  oblongata.     To  the  same  cause  is  to  be 
the   rapid,  deep   i-espimtory  movements   and   convulsions, 
often  observed  in  the  later  stages  <jf  poisoning,  and   which 
evidently  not  due  to  cerebral  aniemia»  as  lias  been  snp|joscd,  for  the 
Q  at  this  stage  receives  i|nite  as  much  or  more  blood  than  it  nor- 
[y  docs.     Even  small  quantities,  such  as  are  usetl  theraj>eutically, 
stimulation  of  certain  parts  of  the  central  nervous  system,  for  the 
ity  nf  the  inhibitory  cardiac  centre  in  the  medulla  is  the  cruise  of 
5lownesB  of  the  heart  whicli  is  seen  in  therapeutics  and   in  ex  peri- 
ls on  mammals. 

central  nervous  system,  then,  undergoes  distiuot  stimulation  un~ 
r:dis.     This  stimulation  by  small  quantities  seems  limited  to 
1 1  'itory  cardiac  and   the  vaso-constrictor  centres  in  the  medulla 

Dblooj^ata,  but  when  larger  doses  i>f  digitalis  and  its  allies  are  injected, 
Other  {xirts  of  the  medullary  centres  become  stimulate<l,  and  vomiting, 
inm*a^»d  respiration  and  eventually  general  convulsions  may  be  pro- 
duced. 
The  extent  to  whicli  the  members  of  this  series  act  as  stimulants  to 
ous  centres  varies,  erytlirophlncine  scH^rning  to  approach  more 
ly  to  picrotoxin  than  the  others,  while  hellelx>rein  is  among  the 
Ittst  active,  but  as  yet  little  comparative  work  has  Ijeen  done  in  this 

irtion  on  the  Heart  is  the  most  important  of_j^lL  and  is  what 

'iiitm^mishes  digitalis  and  its^allTes  from  all  other  substances.  This 
action  has  been  studied  most  carefully  in  the  frog,  and  is  found  to  be 
jueto  an  alteration  in  the  e4irdiae  muscular  tisgjue.  On  ex}»osjng  the 
fog'*  (leart,  and  watching  its  m«ivenu*ots  after  the  iiyectiiui  of  digitalis, 
4«? muscular  action  cnn  generally  be  miule  out  very  distinctly  (Fig.  27). 
Tiij heart  bec^itmes  slower  in  rhythm,  and  contracts  to  smaller dimejisions 
jnlystolej^w^ile  it  does  nx>t  dilate  so  fully  in  diastole.  The  ventricle 
"Mhf.*T>  A»re  whiter  during  systitle  than  normally,  wliile  during  diastole 
^ttloes  not  seem  so  purple,  owing  to  its  containing  less  blotKl  at  each 
period.  Tl^e  slow^pp^  cay  be  seen  to  be  due  to  the^^car^eiuaininty 
'Contracted  longer  tinn  uiiial  while  the  dilittnttof)  is  very  short  and 
_KrfjM!t.  Later  the  apex  of  the  ventricle  ceases  to  dilate  during 
**ia«itole,  and  remains  quite  still  while  the  base  still  dilates  after  each 
•tiriciilar  systole.  Or  the  whole  ventricle  dilates  only  once  for  every 
two  contractions  of  the  auricle,  or  the  two  halves  of  the  ventricle  may 
^tract  alternately  so  that  the  blood  is  thrown  from  one  side  to  the 
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iH^  if^  A  /<A//«  ^/>f^//;>  <^..4SVA  ^aauiiioAfi^  maH  tbe  Teotride  finllj 
/■Ai^/./^  <//  ^//ff'fi^^^  f*r00^tfy,f/^  ;u  a  y^mifMi  ^4  estnamt  erstole  with  its 
i*0ff9/  fASi*^fi9^*^4  'th^  utifi^^  ^m^,  to  a  tdainktill  also,  but  they 
#/^/.  »H*HhU  ^*t  tf9*\Ay  %\f»^$$^\y^  \uU9  tiMrCMnrictcd  veDtrideand  there- 
^ttft-  H9hHUt  'U*Uft^U^4  witt$  \A^/t0\.  Tk^  tvpical  actioD  of  digitalis  on  the 
WU-*  \t  t*t  l(i/'  f^^^**t^  ttd'ttrtf  iitd-tif  f^ftmthiM  in  a  tendency  to  increased 
fthfi  fttohthfit'^i  f'^fhirtu^iottf  ntul  tlitnitiMtf^l  and  sbortc^ned  diastole. 

tit  ifomti  "»iM'«  t'4*riuiu  oIImt  fitnUtrtm  BppfAr  in  the  frog's  heart,  for  the 
cl^fw  f IfytliNf  MMfV  l/<*  M/v!imi|mtiif*d  by  a  b;KS  perfect  systole,  and  instead 
mI  iIm*  iM'Mf'f  I'fifiiiM^  III  MyMtoli',  it  riifiy  come  to  a  temporary  standstill  in 
M  MhifK  ^r  I'^lri'MiK  <lifiMl4»lic  diliitntion.     This  is  due  to  stimulation  of 
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ThAJ|-pjffl)i;i;»y  nf  ihp  hpfir^^  miiKp)*^  im  fl^j4o  foutitl  to  be  considerably 
^ereaaed  by  ibf^ftbili.H.      Tbus  if  tbe  veutnclo  of  tlie  uopoisoucd  frog's 
3irt  be  exeis€»d,  iind  salt  siilntioii  be  leil  through  it,  it  waives  to  l>eat 
fter  some  time.     If,  bowever,  a  stiutll   quantity  of  digitalis   be  added 
the  salt  solittiou,  rhythniical  coiilructious  are  often  induced  and   the 
irt   eventually   pas.ses  into  systulie  standstilh     This  increased  irri- 
"tnbility  m:iy  explain  a  teraporary  aeci4eratiou  of  the  cardiac  rhythm, 
which   in  occasionally  seen  in  frogs  and  in  other  cold-blooded  animals. 
Thp  iitittip>  nf  rhn  :ict\un  on  the  cardiac  muircle  ha.s  been  a  good  deal 
diacuHsed,     Schniiedebcrg    brought   fc^rward    the   theory   that  it   was 
mainly  an  increase  in  the  ehistieity  of  the  heart  ninscle,  but   this  has 
been  ilispntal  by  Roy,  who  showed  that  it  was  not  sufficient  to  explain 
the  phenomena.     With  the  present  kiiowle<lge  of  the  molecuhir  changes 
which  fMxmr  in  the  heart,  it  is  impossible  to  proceed  beyond  the  state- 
lent  that  the  muscle  tone  is  inci^ased^  and  that  thereby  the  relaxation 

Fio.  38. 


wMraiilliiin  ftrv  n> 

^iOher 


D  29" 

tutm*t\"n*  unAt'T  dlgitall*  In  experiments  on  two  dotp».    J^,  A**,  nonnml 

i(v    Th^  I  even  move  tutwiirdi  liti  ring  sratole.     In   /> 

i  fitrtbiT  u{>wiiri1siind  downvirdti  th&n  lu  .V.  (.  r.,  the 

un  durinii  dl»»to)«  is  greater     In  />^  the  rnjrttim  U 

M  r  <ipMi  uti)^  tItAu  \u  .\\  but  rvAchcj  ftltiut«t  tilt*  ^aiiK*  point  heUiw^ 

!  fir  dlluULiun  U  fcuarc^jly  cbntigod.     euntr«*t  iUc»«IT«eiJ  af  tnbibt- 


\\\f*_  ijmf^lf^  1^  rpn*b->r»>rl  U<^  ;^^rflYt  nn^^  the  eoornintlun  mon^  eompj^te 
and   pn»i«>n^t*d.      The  inhibitory  nation  (if  the  vjii^ns,  <ni  llie  contrary^ 
ndfl  to  render  the  t'lne  les^  ntm|ilcte,  and  U*  priKliiee  le>s  complete 
i>ntniction  and  more  eoniph^te  dia^stole.    The  direct  effects  of  di^ltaliu 
OQ  the  cardiac  muscle  of  the  frog  are  therefore  diametrically  opposed  to 
use  of  inhibitory  activity. 

The  hi^irts  of  some  invcrteb rates,  such  lus  of  the  snail,  are  said  to 
ilergo  i![iani;e^  simihir  to  those  desenlwd  in  the  frt*^*s  heart,  while  the 
irustaccnns  setmi  to  Iw  enhn^y  nnafleettHl  by  digitalis. 
The  action  on  the  tm^r^s  heart  is  of  ^rreat  interest,  because  the  chnnajefi 
10^  by  this  serit^  on  the  mammalian  heart  piirtake  hirg^Mv  of  the 
character.     Tlie  inhit>itory  and  tlie  mnsenlar  actions  ai-e  agiiin 
op{»t>sed  ti>  each   nttier,  bnt  here  the   inhibitory  is  almost  invariably 
resent  to  a  j^renter  or  b.^s  deierree.     The  action  of  digitalis  aiui  its  ain«*s 
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^^^H  admhiislered.  The  seeood  stsge  inajr  be  ibeenl  in 
^^^^H  Ktanoefi,  hut  h  aiso  geoerally  predent  in  pQboDiiig. 
^^^[^  In  the  first  Of  thi^peuJlic  Mntif  of  the  actkm  of  litis  Berics,  tbe  rfaytlifB 
^4\M^Mif  tbe  heart  b  changed,  and  the  extent  of  contniction  and  retasmtioQ 
iUUJi,  ^*f  tiio  ventricle  and  aiincle  undergo  certain  toodificitions  (Fig.  3^). 
Tbe  rhythm  of  the  heart  k  dLs^i net Iv  slower  titan  befinre  giving  the 
drug,  for  the  inhihrtory  appamtu'^  is  get  in  actiWty,  and  the  slowing 
accordingly  due  to  a  prolongation  of  tlie  pause  in  diastole.  The  ven 
^  -  eU^  contract  to  a  smaller  size,  that  is,  they  empty  themselves  much  more 
Jl^^W^^ completely   than  they  normally  do.     It  i§  now  universally  r-  A 

tJiat  the  normal  ventricle  does  not  empty  itself  completely  ;   t  n 

at  the  end  of  \Xs  ^y^ole  there 
Fju,  39.  gtill   remains  gome  blood  in 

its  interior.  After  the  action 
of  this  group  has  begun,  how- 
ever, the  bliXKl  renmiuing  at 
the  end  of  systole  is  much 
less  than  before.  This  in- 
creased contraction  is,  like 
tlisit  in  the  fi'og*&  heart,  due 
to  action  on  tbe  cardiac  mus- 
cle, and  leads  to  an  augmented 
prc^«sure  in  the  ventricle  dur- 
ing systole.  The  papillarj' 
niiif^cles  undergo  the  same 
chfinges  as  the  rest  of  the 
ventricular  wall,  contracting 
more  strongly  and  more  com- 
pletely than  htfore  the  ad- 
mi  n  is  t  nit  ion  of  the  drug. 

The  relaxation  of  the  ven- 
tricle is  found  to  vary  in  dif- 
feivnt    conditions.       If    the 
heart    i:*    weak    and   dilated, 
digitalis  and  its  allies  tend  to 
lessen  this  dilatation,  that  i^, 
the  relaxation  of  the  ventricle 
during   diastole  is  less   than 
before  the  administration  of  the  drug,     (See  Fig,  *39.)     If,  however^ 
the  heart  is  normal,  or  does  not  dilate  much  during  diastole,  digitalis 
inercaf5es  the  relaxation.     (Fig,  38 ^  IK)     The  variation  in  the  degree 
of  dilatation  of  ihe  ventricle  dcpen<ls  upon  the  opposing  factors  —  the 
inhil»itiori  and  tlie  muscular  action.      If  the  inhibition  be  the  stronger, 
the  vcntriile  relaxes  more  completely  than  before,  for  vagns  stimula- 
tion  always   tc^nds   to   increase  the    relaxation    of  the   heart.      If,  on 
the  other   hand,  the  muscular  action   j>redomi nates,  the   rebxation   is 
lessened,  for  here,  as   in  the   frog's   heart,  this  series  tends   to  lessen 
the  extent  of  relaxation.     In  the  normal  heart  the  application  of  one 


B 


A 


Tmclng*  of  the  iiiaremffnl«  of  tho  vmiiriole  (lower) 
■.lid  ruHcIl*  1  uptK^r)  iindirrdtKltnllh.  t Hiring  i^^i^Uile  the 
1f<vr>ni  luiiko  m\  iiriatroke.  In  ilii>  4px perl cui' lit  the  In- 
hlMt4*fy  lcrnji!rLutlttti«  liml  friwii  |>tirul)'jr«.Ml„  sn  ihjii  m\\y 
Ihfi  liiiijieular  nctl^Mi  in  devrlu|iioU,  J.  nurnial  ;  /i,  HHcr 
illttltulM.  Tin?  rljyihiii  «A  tbe  lipiirl  is  Kaglitly  jwj<x*1it- 
nttsi  Ui  tt,  timl  ihf*  U>v««rH  rxtt'iul  further  upw&rd^,  itjdi* 
e«Uii|i  n  mt*n>  \tvrffvt  njnttilc  ii*  huih  auricle  and  vt'u- 
trkUi.  The  TetJlrlculur  lever  d!4)e»  not  r^ach  «o  far 
ihrwfiwtiftlii  111  H,i.  e.,  iha  ventrkuljur  Uiaatole  ta  le»a 
oimi|j|i't«v 


^ 
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this 

Inxiitton. 
It  mtL^t  be  added  tliat  the  inhibition  is  dtw  in 


If  sv>  a  geneml  rule,  an   increase  in  the  extent  of 

U}  8tinmlati<^B  of 


v^Ki  1 


the  intm-ouriliiir  inhihirnry  ^ipjinrntf'^  but  mainly  to  the  stinniktjti n 
[    oY  the  vai^U!-;  ct^ntrt'  jn  thn  mi^inijji       This  i*^  shown  by  cutting  the  vagi 
Before  the  hijuetion,  for  the  .slowing  i?^  then  iniich  leas  than  when  the 
'     vagi  are  ininct,  or  may  l>e  entirely  absent, 

^H  If,  then,  the  ventricles  contain  more  bl(H>d  at  tfie  beginning  of  sys- 
^Hblef  t.  <•.,  are  more  rehixed  than  nsnal,  smd  if  tlje  (jnantity  remaining 
*  ni  the  eml  of  systole  is  less  than  nnrrnid,  the  lieart  mnst  expel  mneb 
aore  blood  at  eacli  ventrienlar  contraction  than  it  dws  normally.  (See 
f*ig.  40,)  Even  though  the 
otiDt  of  blood  at  the  be-  Fio.  40. 

nntng   of  nystole    i»    iin- 
anged  or  slightly  diniin- 
(Ici^ened    dilatation), 
Oecti^ionally  hap^tens^  the 
n t  ex  j)el  I ed  i s  i  n e  rca scni 
beooii^e  tlie  ventricles  con- 
ict  more  completely,      [f 
he    number   of    beats    per 
mintitc  remained  the  mnie, 
erefore,    the    amount    of 
IimkI  expelled  (or  the  oiit- 
nt)  would  be  much  increas- 
1 ;  but  the  rhythm  is  slower 
an  normal^  and  although 
l>eat  prt3|K*ls  a  larger 
lount    of  hhnMl  into    the  ^j  r^V'"/^":' ^;Xn"  u^"?*- 
aorta  and  pulmonary  artery 


DiagTAru  to  lllmitrate  (he  efl't^^t  or  ctit^italin  on  thi*  outi>ut 
(tf  tht;   vi«iitriele.     A,   H,   f\  Ihre*^  cyhudtTH  with   plAtona 


.-1  ^.nur 

Iian  nnrraally^  it  is  not  mi-   imj^r 
^ible  that  the  output  may 
■alhan  before  the  drug 
aiAministered.      In   the 


»i>«J  driving  out  flnki      In  H 

J>*    -     '■        -'  ■     '  ■-. :  r  .fv,n  io 
/'  it  ouft  u  (put 

^t    in   //,  lli   wiiM  II    [iiim'    iiiJi-i    I-   ftrr^nt 

»t  th«-  I  ■  ih*»  rttnikt^  (dintilnlc  i  ttii'l  Ii***  at  Uic  cud 

«>f  th)  ill')  tliNn  ill  .1.     It  Is  kI»ij  j^n-iiter  iu  (\ 

ill  will.  M  .Ml  -;i!n.  tiuioiiiit  4if  (laid  Isf  (jrv^riil  »i  Ou'  liegin- 
riiri^'  of  iJi*'  -iriikii  idia-ilulft^  »*  iti  J,  hut  \vAf>  i*  [in'^n'iiX  •! 
thf  I  fid  I  ^V'lMit  ,.  If  the  pUum*  mukr-  the  <<irm'  iiLjiiiiti«rof 
-.in^lkci  (H<r  iiikiiite  in  J,  B  and  r,  iho  uniutint  uf  flitid 
Arar\Aiifri««      itao      nf       ifiia^i^>     (^urniM'd  will!  t<e  ifrt^ntrit  In  H  ftud  1e«i«l  Iu  J,  which  reiin^ 

igs    the    slowing    is    not 

it  enough  to  couutcrbti  lance  the  increased  output  per  lieat,  and  a  larger 
lOUQiof  blmKl  is  iheiH'fure  ilriven  int(»  rlie  aorta  and  pnlmonary  artery. 
The  more  complete  c<mtnietion  of  the  ventricle  also  causes  a  higlu^r 

pressure  in  its  interior  than  lx»tV»re,  and  the  bWd  is  therefore  expellee! 

into  the  ^'CJssels  under  greater  pressnn*  than  normally, 

The  changes  in  the  ventricle,  then,  are  due  to  inhibitory  activity  and 
dinnH  canliac  action,  the  tirst  tending  to  lessen*!*^  t"*"^l^r  of  Ijj^ttSj 
incn^aj^e  the  relaxation  of  tlie  fibr*>v;  ^mX  iix  ^vnikfU  thf  sy^^-'^b^,  an^j 
us  to  dim'"'*^^    *b*"  nntptit   jifid   eHieiencv  of  the  heaft :  the  second 

ti^ndin;,^  r<>  st  n'Ogtlien  the  svstole  ami  lb  us  to  auymeat  tbe  outp^j 


wliieh 


of  the  hi*nrt  nfH^ording  to  circumstances. 


increaae  or  leaaen  theefficiepcy 


administerecK 
staiicx'S,  but  I 
^        In  the./;:: 
^of  the   li 

Nfif  the  V 
T;he  tUm 
jflriig,  for 

that  tht   r 


Tht^ 


sue  found  in 
action.     Sti 
QD  dilatation, 
considerab 
r action  of  this  &e 
^ae.  ^  itodtucy  tcrward^ 
^^■^    IfteT  8niall  qua 
.a.jC  tile  auricle  is  ^low,  1 
bi^  relaxation  is  littl 
-tirraetiou   is  more 
r;  the  inliibitory  a 
:m  tfie  work  done  by  the  » 

:-*:&  of  the  he^rt  is  exa 
-t.»cii  in  the  right  auricl 

r  the  iuhibitory  or  t 

wu^     i^,. ^-t<l,  and   the  apjiear- 

mmkh  of  these  predominates. 

tkm  iHowing  ^ynipttjujs  Wtofe 

ij»  lvC  met  with  in  the  thenijje 


.^^^imfe  n|-f|  *hie  to  exce^^ive 
-ibc    action 


is    less    deveIo|)€'C 
isecjuently  of  the  poise,  is  vc:^ 
»^«-*  he  cftse  when  the  ioliibitory  appu 
,    i7,  p.  289).      Dunnp-  dinstoln  tJJ 
"  n   ij^iab  vvliile  its  s%'stule  vag^ 
is  well  tleteliipt'd,  it  voniiniM*^ 
i^  iban  usual,  but  very  o fieri  the  iiihil7^ 
..uffiifttkr  action  is  entirely  eoniiealed  aaJ 
0tB  bt»od  remains  at  the  end  of  the  contr^  ^ 
^ wm  wdttn n ist e re d .      A_s  a  general  niler  halT_^ 
than  uormnllv,  l)eeayse  the  heart  ^" 
OS  ;  but  the  rliythm  is  so  slow  tha^ 
*  <^eiRicieney  of  the  heart  as  a  pnmp  is  h^ 
uiit?  which  ditferentiatcs  the  fi i^t  frotujjit'        , 
factors  are  pre?^-nt ;  _iu  the  first  stiige 
,  the„  ammintrTif  tduH*^    ^vpi>11i>i1  'p>r 
^-vvHiLatiiiiiLkSi^  than  before  the  adininistia- 


aiui  ventricle  beat  in  different  rbylJiiJi>, 
T|x>ii t a neo us  rhythm  ^ v hi e h  m ay  be  either 
.»f  the  auncle.     This  is  ajiparently  due  Ut 
WiM^ks  the  passage  of  impulses  from  the 
n  uHHijjh  the  effect  of  the  drug  in  increasing 
ftnliiH'  muscle  may  contribute  to  it  by  facilitat- 
or ih*"  sjioDtaneons  ventricular  rhythm. 
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^  aartyy^^lpf  rrtntrflolion.^  arc  much  weaker  than  in  tlie  first  etage» 
eveii   than    in    the   normal    hearty  and    may  cejii^  altot/ether^for 
I  time,  while  the  chambers  ilo  not  t^^ml   to  dilate   further  as  a 
nile. 
bough   the  rhythms  of  the  auricle  and  ventricle  may  differ  at 
B,  the  tiffv  vf'iitricle^  fllways  beat  in  unisou.  and  the  cliangea 
ength  of  their  oontractiou  and  in  llie  extent  of  the  rehixation 
ilsr 

stage  of  excessive  inhibition  h  not  observed  in  every  ease  of 
log  in  animals,  nor  probably  in  raan^  althongh  in  the  recorded 
i^es  of  poi:?oning  with  tlie  members  of  this  faeries,  it  seems  to  have 
ipnedeut,  aj»  the  pulse  is  said  to  l*ave  l>een  very  slow  and  irregular. 

Fio.  41. 


'  the  inHmlar  (upper)  and  T»»DtricaUr  movements  flower)  and^r  dtgltalti,  ts  thp  first 
lintu  Ihr  <4««oij<l.  During  ^f^tole  th«  levers  move  upwanis,  during  ilta»ta]e  cfiiwnwutda* 
I  nf  thf  two  cbaruhpf^  in  at  Amt  the  fame,  but  soou  i'han^s«,  the  auricle  maJntait) lug  its 
whllf  I  he  ventricli-  twcoine*  nlow  and  irregular     At  the  end  of  Uie  tr*dn|^  the  Tentrlda 

10  ra|»ld,  irtjile  th«i  auricle  beooni**-^  slow.    TfaeMrfiDgth  of  iheooDtrsctloii»  aod  the  es^teot 

ktlon  of  the  Tent  ride  tnu^ele  remain   Itttle  mltered,  while  the  auricle  rapidljr  wcakeoa  in 
i  imttroTei  ft^D  at  tbe  end  of  the  tracing. 

Utic  dosefi  of  these  Arna^  nevpr  in<?nf^  irrAynj;irity  in  thi^m- 

tboiigh  the  pulse  is  often  irregular  from  disi-ase  in  the  eases  in 

tliey  are  prescribed.     When  in  their  thera[jeiit[c  use  irregular* 

\itts  fn>m  their  eiftx^ts,  the  physician  is  inducing  the  second  stjige 

soiling,  in  which  the  efficiency  of  the  heart  18  less  than  it  would 

It  bout  the  drtig,  and  the  dose  ought  to  be  reduced  at  once.      If 

bibitf)rv  mechanism  is  weak  or  is  paralyzetl   l>y  the  prelimiuary 

ion  of  such  drugs  as  atropine,  the  second  stage  is  entirely  absent, 

very  large  quantities  of  any  of  this  series  are  injected ^  the 

sfnrjf  sets  in.     It  is  preceded  by  the  first  for  a  short  time,  gener- 

ith  first  and  second.      In  this  {ftj^gp  tltr*  vnTiifinnlnr  fhvtiim 

teomes  very  much  aceeleratetl,  often  beyond  the  normj^l.  and   even 
i\  that  seen  after  paralysis  of  the  inhibitory  nerves.     This  ac- 
tion has  often  been  sup|>osed  to  l>e  prothiced  by  pandysis  of  the 
.,  Init  this  is  not  the  correct  explnnatifKU,  for  stimulation  of  tfiis 
Bometimes  still  sUiws  the   heart  anil   always  C4iuses  dilatation, 
acceleration  is  really  due  to  the  drug  increasing  th(i  irritability_of 
^igart  muscle  to  such  an  extent  that  the  inhibitory  apparatus  is  yo 
i^r  able  to  bold  it  in_cku£k. 
29 


J 


"•">'-^  ..-:-.     . ..  ■  -  .^  r::  -  after  ab.^oi 

•:i-.r-     .. ./      ::_..„   ._  :    :   :..-:  ^.-^z.-!  ?:;j^e  lias  no 
■•li..::  .'•     .      .>   'u-_-  ;:.;-:-.^  ^r  ::.r  vv:':r:'Me.      It\ 
.i..:.-   ■■:     ::?:.     .:.-     r- u   !_  1-. :-:.•:-:-  -f  :i:i*?  ai.iri<*i 

■  ■•  ;■  -.     •■•  :i  .^.    ':>.-    ::.:.   ::  rv  :>  rvr-  uri  ni-'iv  *rr«»n;j 

.  ■:• .■  -        ■'  ^ ':.:::     :'  -"lt  w.-.  ilivi-i..:>  Ir^iiU  t«»  a  ' 

'•«■•'.'      ■•..■■■.:l-.   :i     ::   •■-  ^:rvnL''t)i  •"•!'  ti.v  ■••  r;:ri«:tiiH 
.i'.      ■ii-.:''-..  .        I'y.^Ji  :"-.■■  :'..t-\Yj|Trii'!:!-.r,j;>rwiKn.in 

-..-liiv      ill*  .     'i:  :i;i*'L'-r  irr^/iTularilii'S'  <*vjn  yTr-^'^nz  th 
?:-.  ill  ventr!'.' 

Iv    .a 

t!:r  ..ha 

-  n  :  '".l         .. ,      th»-ra  ::i 

■■-"■■'        .      --■  prlU^l   i 

,  :  .    .      .      The^tr 

iner«»uii 
gn»nj»- 

of  ord 
The 

•  1.    ■.  ■■.T  ".:.'V.-^  n|iwar<l-.  ill  sx.stdlr.      Ihr     inoft' 

- -^      I'.   -xTi-iu*'  irn-;;iilaril}  .  iio  lwi»  t«iii-  , 

...    ..i.»     Lj^r  :ii  l-Tui  or  .itn-iiKili.  JllUl   (»t 

iilarit}' 

^  'a-  it»  Jo^v-riho  thiTc.     Kv<'nlii:illy  tlu*  aiiric 

:..i:n   ».vrills  wliile  tli<'   rliyllini  <»j*  tlu*  veni 

i.kI  v.iv*  toivo  of  its  contrjic'lions  and   the  oi 

1*'k'  vv'iitrii'le  finally  passes  into  <l<'linni 

;;4i-o»  i'i  anvstinl,  aft(*r  wliirh  the  heart   dil 


'■ail 


x^XV. 


V  ;     -u:.  iiu^HUJ.\LS-L>f  the  thinl  stpcr<>  am  <^^^l>  fr>  tl'C 
..\     -    J^^  ''^   -^^'  '^"*  ^^"-^^^  muscle        This  leads  to    : 

1^ ixi.   .x^'niiially,   thrnii«rh   the  iniisele  of  one 

\.".^  i*»v\:  .»:»  ino!\'  than  that  of  the  otiier,  to  arhy 
»  .\  *'...■  ui'v»iw  a»v  evi<lently  of  tln^  same  origin,  j 
:.  ..     .  ,  '»,•  :t»  iv  a>eribed  to  this  action.     Almost  al 

^v X  .   .    ',"!iN  Ntaire  may  i>e  imitated  in  the  normal  . 

»\   ,    ;i;  .i.i:::?:;  the  ilitVerent  ehamhers  hy  eh*etri(;  sIk» 
\i^.»j      I   :'h-  ivM'ioned   lieart  arise  from  its ',wn  ex 
i  %    K5\  ii'Nvn  hv  ihe  artificial  stimnli,  hv.!  the  ellecl 

t'*w  v»mpi:i  ^*f  llu'  heart  continues  !iHich  anpnentc 
■M:i  ^»f  ihc  ihir\l  stajre,  hnt,  as  the  irreirularity  of 
.^va^^-s  .md  the  asystolic  contractions  become  more* 
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rentually  falls  to  zero  when  the  heart  passes  into  de- 
out  the  whole  course  of  the  ititoxieatioa  the  vt^ntrieles 
»  mtervetitrieular  arhythmia,  such  as  has  becti  tie- 
authors,  heing  iioti<'Hal)Ic  at  ;ioy  sta^.  The  two 
er  somewhat  m  their  rhythm  in  tiie  third  stage,  atid 
e  ventricles  may,  us  has  been  s^tattnlj  l>e  eiitiivly  dif- 
>f  the  aiirleles  io  cither  tlie  secotnl  or  third  stage. 
Jigitalis  oil  the  mammalian  heart  therefore  resemble 
observed  in  the  iVt>g'8.  The  contraction  is  not  pro- 
as it  is  in  the  latter,  and  tlie  inhibitory  mechanism 
tportant  r6le*  The  irregular  stage  evidently  corre- 
ad  the  final  delirium  conJis  in  the  mammal  represents 
ntraction  in  the  frog,  the  mamnialinu  heart  not  lieing 
:inue*i  systnle.  Tlie  heart  in  nismimals  is  generally 
tion  of  diastole  in  c^iscsi  of  fatal  digitalis  poisoning, 
1  supposed  to  indicate  a  fundamental  difference  in  the 
s  on  the  amphibian  and  mammalian  heart.  The  dila- 
vever,  a  direct  result  of  the  digitalis  but  is  prolmbly 
K>isans  formed  in  the  heart  by  its  own  activity. 

lation  of  the  civr^tiac  action  of  iligUalis  refers  much  of  w hut 
uscular  action  hithirto,  to  .stimulation  of  the  Icnuinatious 
nen^e,  but  no  evi*lcucc  hii?^  been  Itrought  forward  as  yet 
are  involved  in  the  cU'ects,  aud  it  i?s  irojiossible  to  explain 
Mes  of  the  third  stage  by  accelerani*  action. 

il  Vessels  are  affected  in  several  ways  by  the  members 
The  increased  output  of  the  heart  in  the  thaajutifm 
tlie  pressure  in  their  interior^  and  it  seems  not  unlikely 
iot^jr  centre  is  stimuhUcd  and  that  this  causes  a  a]>n- 
arteriiil  wolK  Hut  in  addition  to  these  effect*!^  tlie 
f  the  arterioles  is  constricted  by  a  direct  action  of  the 
be  resistanee  to  the  flow  of  blorxl  from  the  arteries  to 
eased,  which  further  raises  the  tension  in  the  aorta 
3,  It  !*e(»ms  likely  that  all  the  rneml>ers  of  the  group 
r  Sit  all  three  points,  but  very  little  is  known  deli- 
^ot  except  that  digitoxin  acts  more  povverfully  on  the 
ox  the  others  J  and  that  crythrophheine  acts  more  on 
on  the  heart  than  any  other  irhicoside   hitlierto 


^KiKRlies  then  increase  the  arterial  Idood-pressure 
^■r^^  in  the  heart,  and  ]iartly  tli n in ^r h  eon t rue t]; i 1 1  <n 

There  is  on  the  one  side  an  nn usually  lar^e 
^J-^**^lled  by  the  heart,  on  the  other,  unnsual  resist- 
^-^}^t  of  the  arteries.  And  this  appears  to  be  the 
^*^oxin  is  injected.  Tint  when  strnplianlbJCi  dipa^ 
^  *^  ii'i  itmJj  a  further  complic;iti<m  iu'isc^s,  for  these 
^^    j£iurkcd  vTiHcnlur  action,  and  tluruirirthe  vessijs 

''is  are  €ontraetod_in  the  sajn*^  wny  ^.^  [^y  {V^j(l^ 
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toxin,  thone  of  the  extremities  dili^te>  This  diIiitir>o  is  |»artly  owing  ta 
the  increased  pressure  in  tlie  iuterior  uvercoming  the  coutraction  uf 
the  wulls,  but  is  niaiiily  tg  he  titjcribed  to  a  reflex  stiiuulation  of  the 
yasa-dilator  centre  itnlueeil  by  tlu*  coiitnictiuu  of  the  alidominal  ve§- 
ai*lj.  The  result  is  that  while  the  outflow  from  all  the  vessels  is  rtj- 
tariled  l>y  di^itoxin,  the  hlood  current  in  t!ie  splanchnic  area  alone  is 
slower  under  ^trophauthin,  while  thut  in  the  Hmbs  is  actually  acaJ- 
erated. 

It  follows  that  under  all  of  the  series  the  hlood  tends  to  aeenraulate 
oo   the  arterial  side  at  the  expense  of  the  venous,  for  more   Itloud  L> 

Fio*  43. 
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Trftclnjfs  of  Ihc  liIfK>*i.pn*Bi^wre  aod  the  vnlum^  of  th«  leR  and  of  the  splwn  of  iTii*  dojr  iii>der  •*»». 
phMntliut»,  Thet  voluniu  itT  tllm  leR  iia-reMsfs  with  llie  hliMtil-iin^^siire,  i.  *.,  ilw  vtswMfli-  of  the  leg  are 
dilntt^d  ;  thnt  of  the  fl^tet^ri  dliHfnTshe^,  i.  r  ,  the  ve»!f«b  ari*  4'Mnl  rnrtrnl ;  W  tiijf.  of  alro(>hanthu8  witb 
iojettL'd  lilt  raven  (jualy  ai  .i,  folliiweU  by  5  mg,  at  l^.     {UoiTLlJiM  ttud  MAuNtia.^ 

pnni|X'd  into  the  arteries  and  it  liiis  jy^reater  difficulty  in  escaping, 
while  under  di«,dtoxin  the  ditlerent  re^iou>  of  tlie  liody  appear  to  Ije 
cfpialiy  affected,  strophanthine  digitalin  and  eonvallaniarin  not  only 
tentl  to  accnniulate  the  blmid  on  the  arterial  side,  bnt  divert  it  from 
the  internal  organs  to  the  limbs. 

When  the  extreme  slowing  of  the  second  shine  appears,  the  output 
uf  the  heart  is  reduced,  and   the  pressure  in  the  aorta  and  t^e  v^^it^^tv 


of  the  blond  inav  l^ccnuiP  ^iil-n^ot-[iinl  (Fig.  44).  When  the  acceleration 
oF  the  fli /J vf  jitttrtt^  follows,  the  output  is  again  augmented  and  may  be 
greater  than  ever  ;  ^lif'  lilood- pressure  and  veloeitv  increase,  hot  the  heart 
soon  beeonies  irregular  in  tlu^'  torec  ol  its'ecnitraelionSj  the  output  varies 
from  second  to  second,  and  the  pressure  and  velocity  in  the  aorta  falls  , 
slowly.  The  blond-pressnre  tracing  shows  the  irregularity  of  the  | 
heart  more  or  less  aceuratelv,  bnt  must  not  he  taken  to  indicate  at  all 
tii^  real  condition  of  that  organ,  as  the  eonstrietiou  of  the  arterioles 
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y  at  ill  St' rent  timtw.     Eventually  the  prt^sure  fulls  to  zero  when 

pulmonary  circulation  tlie  pn?ssure  is  not  raised  by  some  of 

,  such  08  strophanthia  and  iiellelxjrein,  while  after  digitalis  a 

dbliact  rise  in  the  pressure  in  the  pnlnionarv  artery  is  seen*   Yet 

them  increase  the  output  of  the  right  %*entricle.     The  ex  plana* 

leftbis  paradox  probably  is  that  the  pnlmonary  vessels  can  contain 

Qfily  the  onJinary  snpply  of  blood,  Imt  also  an  increasetl   volume 

at  offering  any  great  resistance.     If,  h^nvevefy  the  I  omen  of  the 

vessels    be  narrowed,  as  by   digitalis,  and  an   increased 

ant  of  bhx>d  must  be  accommodated  at  the  same   time,  suffieient 

ace  b  met  with  to  augment  the  pressnre  in  the  pulmonary  artery 

ibty*     In  the  later  stages  the  pulmonary  circulation  presents 

similar  to  tho;^  of  the  systemic^ 

let  ion  on  the  Eenal  Secretign.     When  digitalis  was  first  introduced 

he  notice  of  the  medical  profr\ssi*>n  by  Withering,  its  action  on  the 

wiis  not  appreciated.     Withering  used  it  only  to  remove  accumu- 
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.Hi,  Doroiftl ;  JE^,  tbcrnpeutiu  i»tAg«j  C,  excessive  inhlbUlon 
•  low  blood-piratnjre  irwu  le»A«ned  utit^ml  or  the  hii^jLrt.     t\  extxuBire  iDhlbltloD  vith  some 
Uy  In  rlijtbni.    E,  third  »t»g«  uf  irregtibrUy,  cltiring  which  the  blood-preasuro  riam  «g&lll 
iacfwm  outpat  of  the  heart  aud  the  further  eoutrftcttou  of  the  veaseltt. 

i  of  fluid  from  the  body,  which  it  accomplished  by  inereiising  the 
etion  of  urine.  This  observation  of  Withering  was  soon  confirmed 
'  further  experience  in  the  use  of  this  drug,  but  it  was  long  dis- 
whether  this  diuretic  action  occurred  in  health,  or  whether  it 
mot  confined  to  cases  in  whieli  pathological  accumulations  of  fluid 
present.  Digitalis,  however,  as  is  now  conceded  by  almost 
rynne,  causes  some  increase  injhe  quantity  of  urine  secreted  by  the 
nal  animab  afTTiough  this  is  small  compared  with  that  in  east*s  of 
gy.  The  fliitd  af  iFff  tirinp  k  miif^h  morc  larL^^lv  augmented  thpn 
lidst  which  may  remai^_l.^lcl^^mgc!d.  The  c-ause  of  this  increase 
be  renal  secretion  is  not  generally  beJieved  to  \>e  a  direct  action  on 
secretory  epithelium,  such  as  is  met  with  under  cafieine  ;  on  the 
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contrary,  the  kidiiev!^  themselves  are  supposed  to  be_acted  oii  onlfj 
directly  through  the  ehaujyt^s  in  the  circulation.     The  renal  vcs^ebl 


contracted  l>v  the  member*  of  this  ^ries  in  the  same  way  as  thei 
of  the  other  ahdoiiiiiud  organs  (Gottlieb  and  Magnus),  and  this  inq_ 
expected  to  lessen  the  secretion  of  urine,  for  other  agencic^s  wluchf 
tract  the  renal  vessels  have  this  eflect.     The  diuresi?^  induced  bj' 
talis  miist  accordingly  be  ascribed   to  the  <;anliae  chanp-cs  and  l 
{he  vaso-constrictor  acti<^>fi«     At  may  be  snp|x>sed  tKat  tlie  accamiJ 
of  the  l)lood  in  tlie  arteries  and  the  consequent  fall  of  the  venous  pd 
sure,  which  has  I>een  shown  to  occur,  lead  to  an  augmented  fltjw  of  1 
lymph  into  tlie  blood  vessels,  and  that  the  blood  is  thus  diluted) 

Fig.  4S. 
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Dlngrafii  representing  th€«  secretion  of  wilne  in  a  rabbit  vnnder  dligitalK     Each  rectaog)«  t 
the  Hiuotint  of  nrini'  si^crutfid  in  ten  minutes.     A  and  jf7,  tiormiil  secretion.     In  the  o^^i  tcoi 
m  smiill  ditse  of  tlSgitaUs  />  was  injected  iiitrav«uon5h-  am!  a  n^yUi  lucreai^  in  thc»«<ercrtu&  fdtk 
At  If^  jind  D*'  fuTihti'T  injcrtions  were  niadt*,  eiich  Wioff  wucc*nLH[JeHii  by  a  con*id<j?rmblv  tuctti 
flow  of  urine.    The  dotted  line  reprie*«?rit*  the  averai^  bliXHl-pnv*..*oro  at  e^ch  pcrimi,    'ji  wUi  I 
served  that  <eaich  injrH^tion  i^  followed  by  htfrne  incFea»e  in  the  arterial  tension.     CntitTiut  Fl|.9f 
25Q)  AS  to  thfi  aiuouut  oTthe  ftecrvtiou,  and  aJso  &»  to  the  behavior  ufUie  bluod-presfrure. 

the  kidneys  therefore  incited  to  abnormal  activity,  while  at  the  \ 
time  their  nutrition  is  improved  ;  and  in  addition,  the  increased  prt^ti 
in  tlie  glomerulus  must  accelerate  the  filtration  through  the  cyji^u 
It  is  possil^le,  alsi>,  that  at  any  mtc  some  of  the  members  of  this  serifl 
act  as  sliglit  irritants  to  the  renal  epithelionu  The  ap]x*arance  of  bio 
and  alhnmin  in  the  urine  of  animals  after  large  doses  of  s<|uills  aw 
digitalis  certainly  indicates  some  local  action  quite  apart  fruiu  thecil 
cnlatory  changes. 

Anotlier  orgtm  which  has  Vjceu  examined  after  the  injection  of  digiti 
is  Thejjam.     It  was  supiwsed  at  one  time  that  digitalis  might  indtt 
a  mem  in  oi  the  brain  from  its  prolonging  the  diast«jlic  pause,  and  \ 
ill  aortic  regurgitation  this  might  be  of  serious  import.      It  has!'* 
domtaistmted,  however,  that  the  brain  is  more  largely  supplietl  witn 
IdiHul  under  digitalis  than  umlcr  normal  circurastancea,  provided  tM^ 
only  therupeutic  doses  are  used. 
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The  changes  in  the  circulation  in  man  c-m)  be  foUowcil  ouly  im|)er* 
fectly.  The  heart  rhythm  is  very  di;=itinetly  slower,  and  the  apex  beat 
much  i*troii^r  thou  befi^re  the  ad  mi iiist  ration  of  the  dni^  ;  the 
jliic  is  slower  and  strooger  and  tlie  artery  feels  raore  tense.  It  niiLst  be 
added  that  the  strength  of  the  piil^^e  is  not  to  be  regarded  as  a  gange 
of  the  changes  in  the  cardiac  muscle,  for  it  is  due  not  only  to  the  in- 
creased strength  of  the  canltae  contraction  but  also  to  its  slowrhytlim. 
When  the  heart  is  beaiiiig  rapidly,  the  arteries  Iiave  no  time  to  enaiity 
themselves  eonipletely,  and  the  pulse  is  small,  while  on  the  other 
band,  when  digitalis  slows  the  heart,  the  arteries  have  time  to  empty 
their  contents  intu  the  capillaries  before  the  next  contraction  occurs, 
the  walls  therefore  bec*jme  more  Haccid,  and  a  new  wave  of  blood 
«iuses  a  more  distinct  impulse.  In  some  cases  of  fever  the  vagus 
scorns  to  have  less  control  over  the  heart  than  usual,  and  after  digi- 
tali.s  there  is  no  very  marked  slowing,  although  the  action  on  the  car- 
diac? mtiscle  may  be  fully  developed.  The  pulse  is  harder  owing  to 
the  increased  blood- press  lire,  Imt  it  is  not  much  slower,  and  the  ira- 
[>ube  docs  not  set»m  stronger  than  l)efore.  If  the  physician,  judging 
fKmi  the  puUe  that  the  drug  has  been  given  in  t<xv  small  quantities, 
prescribes  larger  doses,  the  eifects  on  the  heart  may  be  disastrous,  aa 
the  third  stage  of  irregularity  and  less  perfect  action  of  the  heart  may 
be  inducecb  In  those  cases  in  which  this  series  seems  to  have  no  action 
on  the  pulse,  the  heart  ami  the  genera!  t^onditiou  of  the  cireulation  must 
very  carefully  examinal  before  larger  tpian titles  arc  prc'scribed. 
for  example,  the  urine  be  found  increased,  or  the  cedenia  i^  less 
rkefl  than  before,  or  the  breath lessncss  and  the  dyspna*a  have  dis- 
ppeared,  the  drug  is  fullilling  its  chief  pur|K)sc,  even  though  the 
aliie  remains  apparently  unchanged. 

In  Oases  of  Poisoning  with  the  digitalis  series,  the  mi^st  alarming 

p^mptoms  ariise  from   the  circulatory  changes.      In   the  well-known 

[  of  Koppc,  who  accidentally  poisnned  himself  in  the  course  of  his 

tigatioris  on  digitoxin,  the  lirst  symptoms  were  nncasint^s^  giddi- 

,^nd  vomit in^r^  and  great  muscular  weakness.     Tlie  pi \  1  se 

fell  to  alK)ut  half  its  normal  rate  and  In^cariie  intermittent,  and 

incn*asing    muscidar   weakness   was   ac*etunpanic<l    liy    prect>nlial 

"anxiety,   imperfect  vision,  and  constant  nausea  antl  vomiting,  which 

preventnl  sleep  an*!  rest,  and  wliich  pcisistcd  for  over  thirty-six  iiours 

rithout  improvement.     The  symptoms  then  slowly  disap^K^ared  and  he 

evened  entirely  in  al>ont  a  wt/ck.     The  <piantity  taken  by  him  was 

_:       _5*  (^\j  gr.),  but  four  days  (jrcviously  he  had  taken  1  mg.  [^^  gr.), 

aod  It  i^  pofisiblc  that  this  may  not   Ijave  \wvn  alisorbcd  com|»letely. 

In  any  i^se  tin*  small  dose  cif  digitoxin   newssary  to  in<hicc  abnost 

Ital  symptoms  indicates  that  it  is  one  of  the  most  p«iwerful  jxiisons 

rnown  at  present. 

The  main  action  of  this  series  is  on  the  circulation,  but  some  other 

suits  of  their  admin i>tration  of  less  consequence  have  bii:'D  observed. 

JUS  in  fever  the  Temperature  is  not   infrequently  redncctl,  although 

rtrmains  unchanged  after  the  administration  of  digitalis  to  the  uormal 
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gfttmal^     This  acdoD  h  s&id  by  some  to  be  the  result  of  collap 
others  believe  it  to  be  due  to  the  chaDges   in    the  circu 
neither  of  these  seems  to  be  a  very  happy  explanatioD.     It  hagl 
stated  already  that  the  members  of  this  series  act  as  stimulaol 
socne  parts  of  the  central  nervoiis  system^  and  a  possible  e^xplao 
of  their  antipyretic  action  wonld  be  an  increased  activity  of  the  t« 
atnre-oontroiling  centre.     It  has  been  shown  by  Hamack  that  stf 
oentral  nervous  stimulauts,  including  pierotoxin,  causa  a  fall 
temperature  in  this  uniy. 

Another  ob^rvation  which  has  been  made  in  re^jard  to  this  seric^iaj 
H  tew\»  to  weakeu  and  evt?mually  to  paralyze  the  Muscles,  and  still 
the  terminations  of  the  peri[»herHl  Nerves  of  the  frog.      For  this  pur[ 
has  to  he  appHefl  id  quantitie<%  which  would  at  once  stop  the  mama 
hearl|  and  this  action  certainly  never  even  commences  in  warm-htoodc^ 
intals.     iATge  quantities  of  digitalis  are  said  to  act  on  the  un«tnat(*d  i 
of  several  organs,  such  as  the  stomach  and  n terns,  aod  to  increase  I 
morements. 

Preparatioks, 

Digitalis  (TJ.  S.  R),  IH^taUs  Polia  (B.  P. ),  fiiiglpve,  the  leaves  of  Die| 
pnquireA  collected  from  plants  of  I  he  ftj-yop^  y^nr^t  gmwth      0,C 

-"Eamctaau-Oyrtto't*  (V.  8,  P.),  10^20  mg.  (i-i  gr.). 

Extrncium  Digital i^  l/^^dtim  (U.  B.  P.),  0.05-0.1  c.c.  (1^2  mins,). 

Kn^T  M  l)it;iTvi.rs.  V:  S.  P.,  4-8  c.c.  (1-2  fl.  dr.);  B,  P.,  2-4  fl. 

TJNm  RA  Digitalis  (U.  8,  P.,  B.  P.),  0.3-1  c.c.  (5-15  mins.), 

^^  Digit alinr-^  of  commerce  varies  much  in  composition  and  in  dose, 
times  proving  entirely  inert,  while  at  other  times  it  has  proved  pt»isunoiffi 
comparatively  Pniall  qnanlities.     Cr>i4Uilline  digltaline  very  often  canaaH 
largely  of  digitouin,  which  is  entirely  devoid  of  the  digital  in  action.    Olhlf 
prejiarations  seem  lo  contain  much  digitophyllin.      ^^  DigUalintim  mum 
said  to  be  pure  digitalin,  and  may  be  injected  subcutaneously  liiithout 
ger.     2  6  mg.  (A-A  gr). 

DigUoxin  has  been  prescribed  in  doses  of  ^w  mg,  {<f\^  E^-%  ^>tit  the  foi 
present  on  the  market  varj-  greatly  in  strength. 

The   tincture   and   infusion   are  the  most  commonly  nj?ed  preparal 
The  extract  and  the  |>ow<k'n:^d  leav^t^  may  be  given  in  the  form  of  pilW 
preparations  ought  to  be  fre^^hly  made,  and  solutions  of  *  *  digiiuline  "'  aM 
toxin  must  not  be  kept,  as  they  soon  decomp<>?e  and   become  entirely 

Strophanthua  (V.  S.  P,),  the  seeds  of  Stro[>hanthuH  blspidus. 

StrophantM  Semina  (B.  V\  the  seeds  of  Stropbaiithns  Kombe. 

Exiracium  .Stropkauthi  {B.  P.),  J-l  gr. 

TiNCTt  RA  Stropbantui  (l\  S.  P.,  B.  p.),  0.3-1.0  c,c.  (5-15 
Strophantkin  (non-phannaeopa^ial)  varies  in  composition  and  in  power, 
dose  is  generally  given  as  1  mg.  (A  gr.),  hut  this  is  often  devoid  of  afliwn» 
while  in  other  cases  0.2  mg.  has  l>een  found  a  sufllcient  dose^  aiiJ  '^  i* 
therefore  to  be  used  with  enution.  Its  solutions  are  very  liable  to  din-ow* 
pi»so  nnd  have  to  be  freshly  prepared. 

Scilla  (U.  8.  P.,  B.  P.),   Sfiuills.  the  bulb  of  rrgjnea  maritima.  Vrpi^ 
Bcilhi.  or  Si  ilia  maritima,  deyirived  of  its  dry  membranaceous  outer 
and  cut  into  thin  slices.     O.or>-^0.2  O.  (1-3  jrrs.)  in  pills. 

Aeftum  SviViriV.  8  P.,  B.  R),  1-2  c.c,  (15-30  mius.). 

Irn^^tum  Sriftn^  fhti^fum  {l\  K  P.),  0.O5-O.1  c.c,  (1-2  min8»), 
ISrtruA  St-iLL.E  (U.  S,  P.,  B.  P.),  0.3-1  c.c.  fr>-lr»  n]jns}. 
ns  Srj  LLJ-  (l\  S.  P.,  B.  P.).  2-4  c.c.  (30-lil)jiua|.). 
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^RtntTa  S^i^ij  IP   ruMPOJ^TTUH  (U.  S.  P.),  containing  s€ne^  and  tartar 
,  0,5-2  c.L\  (10-30  niius^. 
K^iStnVte  (B.  P.),  \-\  IL  dr. 
Scilbe  Composita  (B.  P.),  eontains  ginger  and  anunoniacuiiij  4—8  grs. 
Ipecacuanha  cum  Scilla  (B.  P.),  contains  5  per  cent,  opium. 

lis  often  prescrilKKl  in  pill  fonn  us  a  diuretic;  ns  an  expectorant 
ynip  U  more  often  used*     The  compmitid  nyriip,  U.  8.  P,,  or  the  pill  of 
and  Squill,   B.   P.,  may  be  ordered  insleatl  of  a  cough  miictuna,  as 
r  coDtulii  the  chief  con.stituenls  uf  .such  remedies, 

etc.,  of  commerce  arc  merely  pnriiicd  extracts  and  not  pure 

min  (XJ.  8,  P.),  Canadian  hemp,  the  root  of  Apocynum   cunnahi- 

rtmrttna  Apocyni  Ftuidum  (U*  8*  P.)»  0.3-1  ca\  (5-15  mins.). 
onvaUaria  (U,  8.  P.)^    Lily   of  the  Valley,   the    rhizome   and  roots  of 
rvalLiriu  raajalis. 
Vtracfum  Cbnvallariee  Fluidum  {V.  8>  P.),  0.3-1  c.c.  (5-15  mi  us.), 

nils  (V,  8,   P.),  Euonymi  Cortex  {11  P,},  Wahoo,  the  bark  of  the 
?  of  Kuonyinas  atropurpureus. 

fni^fum  Euoni/nii  {V.  S.  P.),  0.05-0.2  G,  (l-ii  gra.). 
:tractum  Euonytni  Siccum  (B.  P.)^  1-2  gi's. 

lientpeutic  TJaes,  —  The  chief  purpose  for  whiVl>  tliin  ai^Hps  Ta  t\^p^ 
Itht-ptpctitii's  JK  to  counteract  oertimi  chunj^es  Jii  tlte  cirt?ulation^  i.vtiicji 
alt  in  the  hhx>il  accuniu]atiu|y  in  the  vcius  in  too  larfye  quantities , 
ile  the  arteries  are  Ic^s  completely  filled  tlian  iianaL     And  first"  of 
I  in  cases  of  dilatation  of  the  heart  with  a  weulc  and  insufficient 
ole,  its  action  is  almost  specific*     This  is  true  whether  one  or  both 
Itricular  chambers  are  atfected,  as  long  as  the  cardiac  muscle  itself 
oot  undergone  degeneration.     In  these  cases  the  action  is  very 
pie  —  the  inereascd  ventricular  systole  approaches  the  normal,  the 
lit  of  tlie  heart  is  increased,  and  in  some  cases  at  any  rate,  the 
jn  is  diminished  by  the  direct  action  of  the  drtig.     The  etfcct 
lincrea.sed  velocity  and  pressure  in  the  arteries,  and  an  improved 
"it ion  of  the  whole  body*     The  organ  which  suffers  most  of  all 
er  the  malnutrition  eaiised   by  dilatation  of  the  chambers  is  the 
irt  itself,  and,  accordingly,  in  these  cases  the  heart  is  found  better 
nrished  and  has  more  of  a  tendency  to  hypertrophy  after  digitalis  or 
I  allies.     Eventually  the  walls  of  the  heart  bce<jme  so  erdargetl  as  to  be 
ablct  to  carry  on  the  work  witliout  the  additional  stimulation  of  digitalis, 
1  the  drug  ought  therefore  to  Ix?  stopped.    It  must  be  renieniberai  that 
?  Hypertrophy  of  the  heart  is  not  a  direct  eil'cct  of  this  series,  which 
puti*  the  organ  in  a  condition  in  which  it  receives  more  nourisb- 
and  is  therefi>re  more   likely  to   hypertrophy.     The  effects  in 
I  of  dilatation  seem  to  be  attributable  entirely  to  the  action 
\  cardiac  muscle. 


It  U  frequently  stated  that  the  slowing  of  the  heart,  which  allows  the  heart 
iOreUaie  to  rest  and  more  time  to  fill  it.self,  is  accountable  for  the  imiirove- 
But  numerous  other  drugs  slow  the  heart  fjuite  as  nujch  aud  iu  exactly 
le  way,  yet  are  of  no  benetit  but  rather  the  reverse  iu  those  eontli- 
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Udilb  In  which  dijEptali^  is  mo«it  valuable.     Aeonitine^  forexftioplf, 
heart  by  ^ttmuhitin^  the  %^a|^iis  centre,  but  no  one  wouUl  dream  of 
aconite  as  a  «ubkitute  for  ilif^talii^  in  dilatation  of  tlie  v*'»»tm.  1*^ 

Another  ex|ihiimtion  of  the  action  of  digital ii^  in  f^nli 

the  vaguu  W^ing  the  iruphic  nerve  of  the  heart,  iti*  stimiu..  .  ,.  .,...: ,^^-.  .„, 

tendency  of  the  heart  to  hypertrophy,  and  thii^  series?  therefore  causes  lifpcr* 
trophy  by  stimulation  of  the  trophic  nerve.     An^  explanation  which  rwimt« 
the  a^Uinption  of  trophic  nerves  is  fraught  with  danger,  however,  lih 
one  is  easily  refuted  by  the  fact  that  aconite  does^  not  induce  hyp<^roi-i,^.  . , 
tlie  heart. 

The  true  explanation  of  the  action  of  di^tolis  is  the  action  on  Ibe  cmrdiae 
mui<ck%  by  wiiich  the  systole  is  ^(trengthened  and  the  output  of  the  heart  h 
incre^ksed. 

Mitral  incompetency  raay  be  taken  as  a  concrete  example  ofcardiiic 
dinease.  Here  some  of  the  blood,  instead  of  ])assing  into  the  aorta 
during  the  ventricular  i^ystolc,  passes  back  into  the  auricle,  lo  couf^  of 
time  the  auricle  dilates  owing  to  the  pressure  during  its  diastole^  and  the 

a>nsec|itcnce  is  that  tlie  lung^  l>ecome  congested,  the  right  ventricle  and 
eventually  the  right  auricle  dilate,  and  the  whole  systemic  circulation 
IB  retarded.  (Kdt'oia  and  ilrop^y  follow,  the  kidneys  and  other  organs 
become  overfilled  with  blood,  and  the  whole  economy  is^  thrown  into 
disorder*  The  left  ventricle  m  not  affected  directly  by  the  pre?sure^ 
but  it  suffers  in  the  general  malnutrition,  and  may  become  weak  and 
dilated  like  the  rest  of  the  heart.  If  now  one  of  this  series  be  given, 
tlje  right  and  left  veutru'les  commenr»e  tn  beat  more  strongly,  tbeir  out- 
put  m  iorrea^cfl,  and  the  Idood  is  forcefl  tlirough  the  lungs.  It  still 
regurgitates  Into  the  left  auricle,  hut  the  pn>|N>rtion  |>assing  back  to 
that  driven  forward  is  smaller,  owing  to  tlie  increase  in  systole,  wdiich 
lessens  t|je  mitral  orifice.  Murc^over  the  right  ventricle  is  able  to  over- 
come the  pressure  in  the  pulmonary  artery,  and  tlierefore  man  ceases  to 
drive  hloofl  into  the  right  anriele,  and  tlie  systemic  veins  c^n  pass  their 
bhwHl  into  the  heart  without  diflieulty.  The  congelation  of  the  organs 
rapidly  disa|ij>cars,  the  kidneys  heennie  better  nuarished,  and  finding 
large  quantities  of  fluid  accumulated  in  the  Iwjdy,  at  once  pmceed  to 
excrete  it.  The  heart  Itself  improves  in  condition,  but  more  work  is 
required  of  it  tlian  iji  the  normal  body,  because  some  of  its  work  is 
still  lost  tlirongh  the  1>1ocn1  j>assiug  backwards  from  the  ventricle  in- 
stead of  forwanls*  The  muscle  rc.^punds  to  the  strain  by  hypertrophy, 
and  when  this  pn*ccss  is  nauplete,  the  drugs  have  fulfilled  their  pur- 
|X)se,  and  further  administration  is  useless  and  may  be  dangerous. 

The  only  action  of  tlic  drug  required  liere  is  the  intTcased  contraction 
of  the  vcutritOes  and  auricles  in  systole,  and  this  is  exactly  the  point 
in  which  this  series  differs  from  all  others.  At  the  same  time,  if  the 
diastolic  dilatation  becomes  less  nuirked,  as  it  does  in  many  experi- 
ments on  the  unrnial  heurt,  tliis  must  also  aid  in  stich  a  case,  l>ecause 
the  more  tlilate*]  the  ventrielej  the  less  perfectly  dftes  the  mitral  valve 
close  the  aurieulo- ventricular  orifice  at  the  l>eginning  of  systole.  If 
then  the  dilatation  of  the  heart  becomes  less,  either  from  a  direct  action 
of  the  drug,  or  as  a  result  of  the  improved  nutrition  of  the  muscle,  the 
im|>erfection  of  the  valve  may  be  compensated  for  by  the  narrowing  of 
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orifice.     If  tbe  muscular  action  pretloini nates  sufficiently  over  the 

hibitory,  a  furtlior  fuctur  uvav  aid  in  repair] nij:  the  breach  of  the  valve, 

r  the  Jiriricular  muscle  la  acted  un  in  the  yame  way  as  the  ventricu- 

—  tU  oontraction  is  more  amiplete,  ami  the  auricle  therefore  emp- 

[••a  itself  riu>re  |>erfeetly,  and  contains  less  1>1ikj(1  at  tlie  bcjzinning  of 

the  ventricular  syst4)le  than  it  otherwise  would.     If,  in  addition,  the 

auricuhir  relaxation  is  Ic^sculhI  hy  dii!:itali.s,  a  greater  resistance  must 

be  offered  to  the  regurgitatinir  Id^pod,     The  increai^ed  contraction  of  the 

|iapillary  miLscle^  may  als<>  aid  in  the  tberapeutie  etiect  by  closing  the 

valves  more  ci»m|detely. 

In  aortic  inc<3mpetency  the  same  I)encficial  n'sults  may  be  ex[iected, 
lMK3iUi*e  here  ag-ain  there  is  more  blood  exjxdled  into  tlie  aorta,  and  at 
a  higher  pressure.  The  less  dilated  ventricle  also  presents  a  greater 
resistflDce  to  the  reHurn  of  the  blood.  It  is  true  that  longer  time  is 
alhiwinl  fi»r  the  blood  to  pass  back  int*>  the  ventricle  owing  to  the  jiro- 
longution  of  the  diastolic  pause,  but  this  does  not  seem  to  be  sufficient 
to  couoterbalance  the  benefits  of  the  more  eimipletc  contraction  of  the 
ntricle, 

111  narrowing  of  the  orifices,  the  improvement  observed  after  digi- 
lis  may  also  he  explained  by  the  stronger  and  mivre  ctunplete  con- 
dioQ  of  the  ventricles.  Stenosis  very  rarely  occurs  umiceonipanie*! 
if^urgitation,  however,  and  the  diminution  of  the  backward  flow 
lay  be  the  main  oliject  attained  liy  tlit^e  drugs  in  this  condition. 
On  the  right  siilc  of  the  heart  tlic  same  aetion  m^curs  as  on  the  left^ 
,nd  in  dilatation  of  the  right  ventinele^  whieli  often  mx-iii's  as  the  resull 
W  pnlmormry  disease,  this  series  acts  by  increasing  the  strength  of  f lit^ 
ventricular  c/>ntraction.  In  these  cases  of  canliac  dilatation  resulting 
frnm  pulmonary  disease,  it  would  seem  that  those  of  the  scries  which 
have  least  effect  on  the  pubn*>naiT  vessels  ought  to  Ik:  ihe  most  bcne- 
fieiaL  Strophanthus,  as  has  been  stated,  acts  as  strongly  on  the  heart, 
^^Hit  mtich  less  strongly  on  the  vessi^'ls  than  digitalis^  and  it  might  there- 
^^pre  l>e  expected  that  it  would  pmve  prefcraldc  to  the  latter  in  those 
^^MM.  Whether  ihis  is  eitrreet  t»r  nt>t  can  only  be  dix*ided  by  clinical 
^Ht^nrience,  and  the  |xiint  has  not  been  investigated  sufficiently  to  allow 
of  a  detJnite  {Statement. 

In  numerous  acute  febrile  c^onditions  the  heart  becomes  aflTccteil,  pis* 
sibly  in  |iart  l>y  the  high  tem]X'ratui\%  but  largely  from  the  t<>xic  pnxl- 
nets  circulating  in  the  IdtMnL     The  chief  cardiac  symptt»ms  arc  dilata- 
tion with  a  weak  systole  and  a  smidl   **  Huttering '*  pulse.      In  these 
vsL^e^  digitalis  and  4)ther  similar  drugs  may  be  of  great  service  in  slow- 
g  the  acixdenited  heart,  and  in  increasing  the  extent  of  systole,  and 
us  improving  the  general  circulation.      In   pneumonia   more  espe- 
,  great  improvement   is  often  seen  after  digitalis.      In  this  dis- 
bes-ides  the  toxic  acti(»n  on  the  heart,  there  may  1k^  present  more 
le^yi  obstruction  of  the  pulmonary  vessels  through  press uw  resulting 
overwrork  and  dilatation  of  the  right  heart.      If  tliis  is  a  pnim incut 
ictor,  one  might  exjwct  that  strophanthus  would   W  more  iH'uctic^ial 
than  digitalis,  while  if  the  heart  i;^  directly  aflcnrted  by  the  high  tem- 
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perature  and  the  toxines,  dig^i talis  would  he  preferable,  owing 
increaiising  the  tone  of  tbe  arteries  as  well  as  the  heart.      The  : 
treatment  of  pneumonia  with  digitalis  is  often  recommended,  bail 
lie  deprecated  on  the  general  principle  that  a  dnig  is  not  to  be  j 
scribed  until  some  .special  indication  for  it  appears  ;  unle^  diid 
evidence  of  circulatory  disturbance  is  present,  digitalis  ought 
withheld* 

In  acute  fevers  the  iuhibitorv  mechanism  is  often  less  irritablcl 
normally,  and  the  activity  of  the  drug  must  not  be  estimated  byi 
slowness  of  the  pulse.     (See  page  455.) 

In  some  forms  of  dilatation  of  the  heart  digitalis  and  its  allie 
to  lie  avoided.  Thus  where  extensive  degeneration  of  the  heart  i 
cle  is  present,  as  in  fatty  heart,  little  or  no  benefit  from  the  mus- 
action  is  to  Ik?  expected,  for  the  muscle  itself  is  too  weak  to  resp 
the  stimulation.  On  the  other  hand,  digitalis,  by  increasing  the  pn 
against  which  the  heart  has  to  contract,  may  cause  the  most  sc^rifm 
suits— the  systole  becomes  even  weaker  than  before  its  administrati 
and  brain  ana[^mia,  syncope,  and  not  infrequently  sudden  death  fall 
In  other  cases,  while  the  condition  of  the  heart  is  eminently  suitable  j 
digitalis  treatment,  disease  of  other  parts  of  the  body  may  preclud 
use.  Thus  if  extensive  degeneration  of  the  arterial  coats  is  present,] 
increased  pressure  in  the  interior  of  the  v^sels  may  lead  to  rupture! 
their  walls  and  aptiplexy.  In  those  cases,  if  any  of  the  series  is  tdf 
given,  it  oiiglit  to  l>e  strophantbus,  which  causes  a  less  extensive  I 
in  the  hi  (x>d- press  lire  than  digitalis,  and  it  is  recommended  that  eid 
be  prescribed  ah^ng  with  some  drug  to  dilate  the  vessels  and  h 
the  arterial  tension,  such  as  nitroglycerin  or  some  other  of  the  nitt 
series.  In  treating  with  digitiilis  and  a  ujcmberof  the  nitrite  ^ri«%J 
is  found  that  the  digitalis  action  sets  in  somewhat  slowly,  and  pen 
for  a  long  time,  while  the  nitritt*s  act  rapidly,  but  are  excreted 
paratively  scwm.  The  best  results  are  therefore  obtained  by  frequ 
small  doses  of  nitroglycerio,  which  need  not  be  administered  for  i 
hours  after  the  fir$t  dose  of  digitalis. 

In  some  cases  dilatation  of  the  heart  seems  to  be  due,  at  any  ritl| 
part,  to  increased  arterial  tension  from  disease  of  the  arterial  walls  i 
of  the  kidneys.  In  these  cases  digitalis  is  to  be  used  with  cautiflflt 
because  of  its  vaso-constrictor  action,  and  perhaps  stropbanlhtis  b  <^' 
l»e  preferred  to  digitalis,  unless  one  of  the  nitrite  series  is  associai^J 
with  die  latter. 

Valvular  disease  is  m>t  in  itself  an  indication  for  digitalis,  for  tk 
heart  tends  to  undergo  comiiensatory  liyjKTtnTpliv  in  favorable  wniif* 
tions  without  the  use  of  any  drug  whatever,  and  digitalis  is  indicati^^ 
only  when  no  such  compensation  occurs.  At  the  same  time  hyi*'*' 
tn^|Vliy  i>f  the  heart  is  not  a  contra-indication,  as  is  often  stated,  6"** 
s|ieeial  stntin  may  aiuse  excessive  dilatation  in  a  hypertrophied  N'*' 
a  n d  d  i g i t a  1  i s  lu uy  he  n et^essa ry  tin  t i I  a  secon d  hy jm? r t ro p by  has  (X'curiw 
iwu]  vvsUHvd  the  equilibrium  once  more. 

l>igitalis  is  often  preserihed  in  tuchyeardia  (nipid  heart)  iuorrlt^**' 
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slow  the  rhythm  only,  but  if  no  other  symptoms  thau  accelerutioii  are 
present,  other  c^r^^^J,  such  oh  aconite  c>r  strychnine,  may  l>e  substituted 
digittili'?^,  and  do  not  entail  the  other  elmoge^  in  tlie  circulation. 
[It  has  been  mentioned  that  the  exhibition  of  digitalis  in  fever  is 
BVL  followed  by  a  fall  uf  temperature,  and  Tmube  recommended  it 
an  antipyretic,  but  it  is  no  longer  used  for  thiB  purpose,  us  the 
Jern  antipyretics  are  mnrh  mure  powerful  and  certain  in  tlieir 
tion,  and  at  the  same  time  are  less  dangerous. 

,  The  diuretic  action  of  digitalis  is  also  nut  advised  except  where 
her  indications  than  a  diminution  of  ilie  renal  secretion  are  pi*esent, 
for  in  ordinary  ciises  it  has  much  less  effi-ct  than  caffeine  and  other 
diuretic!*.  If  the  atmria  be  secondary  to  disturbances  of  the  circula- 
^ipn^  however,  digitalis  is  the  diuretic  par  excellence  and  cannot  be 
^B|ilaGed  by  any  of  tlie  onhnary  means  of  pnimoting  the  urinary  secre- 
won,  although  they  may  advantageously  1m?  combinci.1  with  it.  8<[uills 
i»  more  fivquently  used  as  a  iliuretic  than  digitalis,  and  it  seems  prob- 
able that  in  addition  to  its  action  on  tlie  heart  and  circulation,  it  exer- 
eism  some  direct  stimulant  influence  on  the  renal  epithelium.  Sjuills 
and  digitalis  are  often  prescrilM'd  together,  where  large  accumulalitms 
of  fltiid  hav^e  to  be  removed.  A  famous  pill  used  in  these  cases  con- 
tains a  grain  each  of  iligitalis,  stjuills  and  calomel. 

Several  of  tht*se  drugs  are  of  eonsidertdile  IxMiefit  in  pulmonary 
dbeftaes  accompanied  by  cough.  Tims  in  bronchitis,  more  es|>eciully 
to  eaiC»  of  old  slanding,  the  a<ldition  of  squills  to  an  **  ex|)ectorant 
lixture"  is  often  ffiUoweil  by  the  most  satisfactory  results.  The 
tion  here  is  probably  two-ll^ld.  In  the  tiist  place,  the  right  heart 
ly  bo  dilated  owing  to  the  fre«|uent  strain  put  on  it  by  coughing^ 
luilla  remedies  this  condition  by  its  usual  canliac  action.  In  the 
place,  all  these  dru<^  possess  to  a  certain  extent  fuictic  pro}>- 
ies,  and  thus  cause  an  increase  in  the  bronchial  secretion,  an*!  ren- 
the  sputum  less  tenacious  and  more  easily  expectorated.  The 
addition  of  squills,  in  which  this  proi>erty  is  more  developed  tlmn  in 
the  others,  has  the  same  effect  as  tlie  prescrii>tir*n  of  ijiecacuanha, 
along  with  the  further  action  on  the  heart. 

I  Digitalis  is  sometimes  prescril)LMl  to  stop  hiemorrhages,  but  though 
oonatricts  tlie  vcsst^ls  it  accelerates  the  flow  through  them,  and,  as  in 
E?  case  of  other  luemostatics^  the  l»enciits  arising  from  the  treatment 
are  pnildematical. 

Scpiills  was  nt  one  time  used  as  an  emetic,  but  tliis  cannot  be  i'ec«>m- 
meiided,  owing  to  the  danger  ejf  its  absorption.     Euonymus  has  been 
HUploytHl  as  a  purgative  more  fretpiently  than  as  a  cardiac  remedy. 
liee  page  107.) 

Slime  iH)nditions  in  which  the  cardiac  action  of  this  series  is  to  be 

licitdl   only  with   the  greatest  caution,  have   been  already  indicated, 

further  danger^  which  attends  the  use  of  digitalis  prrliaps  more 

in  that  of  the  rest  of  the  series,  is  due  to  its  Camalative  Action. 

for  the  first  day  or  tw<»  after  the  exhibition  of  this  *!rug,  no  effects 

be  noted  in  the  pulse  or  general  circulation  ;  the  onlimiry  symp- 
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toms  are  tljen  produced,  and  if  the  drug  be  coDtiniied,  remain  ikirlf 
ooDiitarit  for  s^^me  tiine.  Sometirnc:^  much  raore  raarked  i^ytnptoms  of 
digitalis  action  apjK-ar  suddenly,  however,  —  the  pulse  becomei?  olnrm- 
iugly  slow  and  irregular,  the  patient  c<»iuplains  of  weaknetiiS  and  fainl- 
ness,  nausea  and  occitsionally  voniitin^^,  in  fact  the  gymptonis  of  the 
second  ,stu^c  set  in.  This  is  known  as  cumulative  action,  and  is  prob- 
ably due  to  irregularities  in  the  absorption  and  excretion  or  destruction 
of  the  jM>ison,  It  is  known  that  the  al>sorption  is  slow,  for  12-3(i 
hours  may  elapse  before  any  effects  follow  the  exhibition  of  the  drug. 
On  the  other  hand,  the  excretion  or  destruction  nnist  be  ecjually  slow, 
for  the  symptoms  sometimes  last  for  several  days  after  it  has  been  dis- 
continued. If  then  anything  happens  to  disturb  the  equilibritim  of 
absorjition  ajnl  excretion,  if,  for  examj)k%  the  excretion  is  slower  than 
usual,  or  if  any  irritation  of  the  stomach  and  intestines  causes  a  more 
rapid  absorption,  the  drug  accumulatt^s  in  the  blood,  aiid  the  tame 
etlcct  is  produced  as  if  a  piisonous  dose  had  been  administered.  la 
order  to  avoid  this  cutuulative  effect »  the  cundition  of  the  pulse  niu§t 
I>e  carefully  controlled,  and  as  soon  as  the  circulation  show.s  any  signs 
of  excessive  action,  the  drug  ought  to  be  discontinued  for  one  or  two 
days  and  resumed  in  smaller  quantities.  These  case^  of  poisiining  are 
not  serious  if  observed  in  time.  Some  mend>ers  of  the  series — stro- 
pliauthus  and  stpiills — are  said  not  to  be  cumulative,  but  some  doubt 
exists  as  to  tlie  truth  of  this  assertion, 

AootluT  disagreeable  feature  observed  in  the  use  of  this  scries  is  the 
aetinn  on  the  strunach  and  intestine.  As  has  been  noted  ali'cady,  the 
lo(^l  jietion  may  produce  the  usual  symptoms  of  gastric  irritability, 
and  the  |>aticut  sutlers  fnjm  loss  of  ap|)etite,  nausea  and  gastric  dis- 
comfort, just  when  it  is  imj>ortaDt  that  the  nutritiou  should  be  the  best 
attainalile*  NumcTOUS  attempts  have  theretbre  been  made  to  obtain 
pre[>!irations  which  possess  the  cardiac  without  the  hx^al  action.  Si3me 
of  tlicsc  seem  to  be  fairly  free  from  irritant  projiertics  ;  for  example, 
some  of  tlje  digitalines  can  even  be  iujecttxl  subeutancously  without 
giving  rise  to  any  irritation  or  inflammation.  Bat  unfortunately  all 
those  preparations  vary  so  much  in  strength,  even  when  prepared  by 
the  same  method,  tliat  their  use  is  scarcely  to  be  recommended.  At 
the  same  time,  in  cases  where  the  ordinary  pharmacopteial  preparations 
CiUise  marked  gastric  irritation,  some  of  the  so-called  *'  purc^  principles" 
may  be  made  use  of  with  advantage. 

So  little  is  known  regarding  the  comparative  action  of  the  memljers 
of  this  series  that  the  special  indications  tor  vnvb  individual  are  alto- 
gether indelinite.  It  is  recognized  that  stn»plianthus  acts  less  on  the 
vessels  than  digitalis,  and  this  gives  an  indication  for  its  use  in  some 
cases*.  On  the  other  hand,  stjuills  acts  more  on  the  kidneys  than  either, 
and  is  therefore  given  frequently  as  rni  adjuvant  to  <]igitalis  in  cases 
where  iliurcsis  is  desired.  It  also  irritates  the  gastric  mucous  mem- 
brane morCj  and  is  often  used  as  an  expectorant.  Hut  I  lie  details  of 
the  actiou  of  each  are  still  to  be  worked  out.  One  important  question, 
which  is  practically  unbroken  ground,  is  the  relative  action  of  each  on 
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vagQd  centre  and  on  the  heart.  The  beneficial  results  from  the  use 
of  iligritali.*  are,  a,s  has  l>ecn  ijoiuted  out  already,  to  Ik?  a^seribed  almost 
entirely  to  its  action  on  the  cardiac  muscle,  Tlie  stimulation  of  the 
V3i^s  may  ouiiceivably  lessen  the  benefits  of  the  cardiac  action  by 
weakening  the  auricular  contraction  and  slowing  the  rhythm,  so  that 
it  would  be  of  considerable  iuterest  and  imputanee  to  find  a  drng^ 
baving  the  8ame  canliac  action  without  tlic  iuinl>itiiry,'  and,  failing  in 
thU,  to  compare  the  etlects  of  digitalis  aluue  with  those  of  digitalis  and 
a  drug  which  weakens  the  inhibitory  action.  This  would  have  to  be 
given  in  quantities  Ruflieieut  to  prevent  an  increased  inliibitiou  without 
cutting  otr  the  nornud  restraining  impulsi's  win  eh  {>as.s  down  the  vagi, 
mnd  the  trexttment  would  be  rendered  cousideraldv  more  difficult. 


r  eip.  PmiL,  xlv,,  p.  317. 
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ZXX,  SUPRARENAL  OR  ADEEMAL  GLAHDS. 

The  Btiprarenal  tnipsoK^s  of  animals  have  reeently  In^en  bhown  in 

^nfnin  a  IrhIv  wbieli  pusr^Lsse^  a  (mwerful  aetiou  on  the  organi.srn,  aud 

irhieh  the  glands  normally  secrete  into  the  blood  vessels.     The  aetive 

rtneiple,  Epinephritit-  ((',,JI^,N(>^)»  has  been  isolatetl  by  Abel  and 

Tiwfonl  by  a  com  plica teil  pnx'i'ss,  and  huB  provetl  to  be  a  base  which 

*  n«*)Ud»itrvin  ha*;  ccimpnmtivclv  liiile  nction  on  the  inhibition,  but  in  a  number  of 

mwrimf  eartf* •■- t*  in  which  I  fmvi"  atloinprfd  tt»  aubslitnte  it  for  digitalis  it  i»duc«<l 

irntation  to  n\e  niul  diurrh<i'H  through  its  hmil  irritnnt  action. 

•Thi*  b»Ht  a  \a  Supmrrnnin  {  Furth)  and  Adrenalin  (Tokamine  and  Aldrich) 

■ppMr  U>  b«  aiii^htty  mudified  epinephrine. 
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pfobttblj  eootains  a  pjrrbol  or  skatol  nucleus,  and  \&  oearly  rt-laii 
thi!  TegetaUe  mlkalokk ;  ^inephriiie  itaelf  U  so  uoHtablif  that 
<aummfled  by  mttempte  ta  Lsokte  it,  and  though  the  salts  arc  I* 
cbaOfBed,  tbey  also  appear  to  undergo  some  alteratiou  whcu    i 
some  time,  for  they  become  mueh  less  soluble*     Comparativ 
ezpefimeiitB  have  been  done  with  the  pure  substanoe,  but  tbr.    -  *^^m 
qwatioii  that  it  ponesaes  the  characteristic  action   of  the  extndfl 
though  some  results  described  as  arising  from   these  may   U  T 

pfoleida  or  other  impurities^  such  as  choline  and  neurine.     Tli 
principle  exists  only  in  the  medulla  of  the  gland,  and  tlierefore 
not  represent  the  whole  function  of  the  organ  in  all  probability. 

Fi<3*  46. 


Tracing  of  the  blixxt^prasure  tioder  the  tsflueiioe  of  extnet  of  supnreDBl  tf«ftd,  vliJdi  vsi^ 
Jecfted  into  ih«  jugul«i-  veiu  «1  a« 

In  the  frog,  the  suprarenal  extract  causes  paralysis  of  the  centnl 
nervou*  system,  which  is  oi  only  short  duration,  however,  even  vrhett 
large  quantities  are  injected-  In  raiimmals  the  hypodermic  appHcatiofl 
of  large  doses  is  followed,  as  a  general  rule,  by  some  exciii^nienl,  n:^\t 
tion,  and  often  tremors,  although  tiitsse  are  not  miirked  in  the  mbbitjl 
vomiting  lias  been  observed  l>y  GourfL-in  in  dog:^,  Tliis  stiige  is  foK 
loweil  by  paresis  of  the  hind  limbs,  often  by  rapid  respiraticm  ad 
dy>:pnica,  and  eventually  by  failure  of  the  respiration  and  deadu  h 
some  animals  the  urine  is  increaJ^ed  in  cjiiantity,  and  hiemorrfiap* 
oeeiir  from  the  mutM>ns  membranes  and  from  the  kidnev.  It  is  tok 
noted  thfit  only  large  qnaotitios  of  the  gland  are  fatal  when  tlifV  »w 
injected  hvpodermicidly,  and  it  may  be  doubted  whether  any  symptom* 
can  be  produetxl  wlien  it  is  abj^orbed  from  the  stomach  and  inle&uo**- 
Abel  state;?  that  a  strong  sulntion  of  epinephrine  applied  to  the  tODgW 
induces  p;irtial  luuesthesia,  which  may,  perhaps,  be  due  to  theoonst^^ 
tion  of  tlie  vessels  ;  it  |>ossesses  a  weak  bitter  taste. 

On   the  other  hand,  comparatively  small   quantities  elicit  inarW 
svmptoms  when  they  are  injected  into  thp  blood  vessels,  the<e  ' 
iiig  in  a  very  rapid  and  very  pnmouueeil  rise  of  the  bliMwl-pi 
with  JilAwing  and  strengthening  of  the  heart  beat     The  actioa  of  ^ 
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irenal  extract  injected  into  a  vein  is  in  short  that  of  the  members 
digitalis  scenes.     The  slowness  of  tlje  pulse  is  thie  to  stirniihition 
pneumogastrie  centre  in  the  medtilla  <jbh>ngata,  wliile  tfie  lieart 
ts  affected  in  the  same  vvuv  as  hy  digitalis,  that  is,  its  systole  is 
streogthened  and   its  diastole  i.s  often  rendered   less  eomph^e. 
ri?*e  in   the  hlood-pressiire  is  due  chiefly  to  a  marked  a^ntraetion 
tf  the  peripheral  arterioles  from  dircet  action  on  the  museulur  coats, 
to  the  increased  efficiency  of  the  cardiac  contractions,  perhaps 
ji  L  to  stimulation  of  the  vaso-motor  centre. 

tie  ejttract  differs  from  the  digitalis  series  chiefly  in  the  rapidity 

which    these  changes  are  elicited^  in    the   ri-e  uf  ldood'j>rc*ssurc 

llg  greater,  and  in  the  action  passing  utY  mure  quickly.     Mere  traces 

Ipiiiephriae  are  sufficient  to  eaase  tins  change  iu  the  bloocl- pressure 

they  are  injected  intra v<ioously,  while  no  distinct  effect  is  pm- 

by  much  larger  (juantities  injected   snhentaneiaisly  or  adniiuis- 

by  the  month.     Au  explanation  of  this  fact  as  well  as  of  the 

duration  of  the  action  may,  pcrhajis,  he  found  in  tlie  instability 

fihe  epinephrine ;  the  base  itself,  or  some  closely  related  product, 

[been  found  iu  the  urine  by  Abel  after  its  intravenous  injection. 

Wge  quantities  of  the  extract  injected    into  a  vein  wtuse  the  same 

of  irregularity  as  the  nicuibcrs  of  the  digitalis  series,  and   in  one 

fibrillary  contraction  uf  the  heart    has  Ijceu  observed   from   it. 

frog's  heart  seems    to  be  actetl    m\   less    by   suprarenal  extract 

the  mammals*,  but  Oliver  a  nil   St^hiitcr  observed  changes  in  it 

ilar  to  those  induced  by  digitalis. 

irae  of  the  vessels  do  not  seem  to  be   intlucnctnl  by  it  so  much  as 
trs  ;   thus  the  pulmonary  vessels  are  not   narrowe*!  at  all   or  only 
slightly,  and  even   tlie  direet  application  of  the  extract  to  the 
gsdoes  not  cause  pallor.     Tiic  cerebral  vessels  also  seem  to  undergo 
I  oonstrictiou  aud   in   fact  some  evidence  of  their  dilatation   is  pre- 
by  the  widening  of  the  retinal  vessels.      This  is  due  to  the  con- 
tiou  of  the  vessels  in  other  parts  of  the  bodv  wliicfi  diverts  to  the 
^n  a  larger  amount  of  blood  than  usual.      Gerhardt  states  that  the 
els  of  muscle  are  scarcely  changed  in   calibre^  while  those  of  the 
I  are  contracted,  but  not  in  so  marked  degree  as  those  of  the  abdom- 
l  organs.     The  constriction  of  the  vessels  of  the  stomach,  intestine 
other  organs  whose   blood   flow  is   i-egulated   by  the  splanchnic 
tvt,  is  apparently  the  chief  factor   in  the   rise  of   blood -pressure, 
t>ugh  the  action  is  l»y  no  means  coiitiued  to  these.      Even  neighbor- 
organs   vary  consiilembly   in    their   reactions  ;    for   example^   the 
Ine  vessels  are  constricted  while  those  of  the  bladder  are  much  less 


rTk*  o»3ntraetion  of  the  vessel  walls  may  be  demonstrated  by  perfus- 
5bl«x>d  containing  epineplirine  or  the  gland  extract  thronijh  the  artery 
*  an  excised  organ,  tor  very  mnt!li  less  1)1  ood  escapes  from  the  vein 
I  when  pure  blood  is  used.  Or  a  stdution  of  the  extract  may  be 
pli<*d  to  the  exi>osed  mesentery,  when  the  vessels  are  often  entirely 
Wltoited.  The  mucous  iuendirnncs  nre  similarlv  atFeeted  as  is  well 
80 
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seen  in  irritation  of  the  conjunctiva,  for  the  redness  and  oodj^ 
give  place  to  pallor  when  epinephrine  solution  is  applied.     It  \m 
effect  on  the  unbroken  skin,  through  which  it  is  unable  to  penel 
the  vessels,  but  denuded  surfaces  become  pale  and  anaemic  undtf 
influence  and  haemorrhages  cease  from  the  smaller  vessels  and 
laries. 

In  addition  to  the  vessels  a  number  of  other  forms  of  unsl 
muscle  are  thrown  into  a  condition  of  spasmodic  contraction  by 
renal  extract.  Thus  the  muscular  fibres  of  the  eye  that  are  innei 
from  the  superior  cervical  ganglion  undergo  contraction  when  the 
is  injected  intravenously  or  applied  locally.  This  results  in  di^ 
of  the  pupil,  withdrawal  of  the  nictitating  membrane,  separation  of 
eyelids  and  protrusion  of  the  eyeball,  exactly  as  after  cocaine  or 
lation  of  the  cervical  sympathetic.  The  suprarenal  extract 
from  cocaine,  however,  in  inducing  those  effects  by  acting  directly 
the  muscle  fibres  and  not  on  the  nerve  ends,  for  these  changes  can 
elicite<l  after  complete  degeneration  of  the  nerve  terminations, 
muscle  fibres  supplii'd  by  the  third  nerve  are  unaffected.  The 
traction  of  some  involuntary  muscles  is  inhibited  by  sup! 
extract,  so  that  the  cardiac  sphincter  of  the  stomach  and  the  iat^ 
anal  sphincter  relax,  and  the  movements  of  the  stomach,  intestioe 
bladder  are  retarded  or  altogether  arrested.  The  uterus,  vagina,  va 
deferens,  seminal  vesicles  and  the  external  genital  organs  are  all  ooo* 
tracted  and  ansemic  in  contrast  to  the  relaxed  condition  of  the  stomicl 
and  intestine. 

The  secretion  of  the  salivary  glands  and  of  the  mucous  glands  of  tk 
mouth  and  throat  are  increased,  ap|)arently  through  stimulation  of  tk 
nerve  terminations,  asunder  pilocarpine.  The  secretion  is  arrested bf 
atropine,  hut  can  be  reinstated  by  larger  £:mounts  of  suprarenal  extnel 
which  is  a  more  powerful  antagonist  to  atropine  than  pilocaqiint 
The  hichrvinal  glands  and  the  bile  are  also  increased,  while  the  secre- 
tion f»f  tlie  panereatic  juice  and  of  the  sweat  is  probably  unchanged. 

Suprarenal  extract  injected  hypodermically  induces  glycosurii, 
apjiarently  through  altering  the  activity  of  the  liver  and  pancictf^ 
for  the  sugar  of  the  blood  is  considerably  increased. 

Preparations.  —  No  prejKiration  of  the  suprarenal  bodies  is  pharmi- 
eop<eial  as  yi^t.  Occasionally  the  fresh  gland  is  used,  but  as  a  gencnl 
rule  the  gland  drietl  and  jiowdered,  or  a  dry  extract  is  preferred ;  tib- 
lets  may  l>e  made  from  these  and  dissolved  in  water  when  necegfiny. 
The  active  o^nstituent  is  not  decom{)osed  by  boiling,  and  the  solution 
may  In*  steriliztHl.  It  is  important  to  remember  that  the  solatioB 
rapi<lly  deteriorates  on  keeping,  so  that  it  must  be  freshly  made  wbeo 
its  full  activity  is  required.  A  ver\'  active  preparation  has  been  pot 
on  the  market  under  the  name  of  ad renalhiy  which  appears  to  beasligbtif 
altered  epinephrine  ;  a  solution  of  one  part  of  adrenalin  in  one  tboo- 
sand  to  ten  thousand  of  water  has  many  advantages  over  the  ordinait 
gland  extracts. 

Therapeutic  Uses.  —  Disease  of  the  suprarenal  gland  leads  to  a  series 


Sr  PR  A  RENAL   OR  ADHKXAL   OLAM/S. 


467 


i^r|» 


•  ins  known  as  AtUlison'6  iliseit^so,  and   it  has  been  supposed 

\  tract  *»f  the  ghuiil  miglit  couirteraLvt  this  condition  bv  sup- 

:  the  Bubstanee  whose  deficiency  indiK-erl  the  ^ymptoni.s.     Aa  a 

r  of  fact,  however,  but  little  success  luvs  attended  itj^  use  for  this 

♦-e,  and  the  failure  may  jxTlmps  be  due  to  the  method  of  appHca- 

*f  has  l>eRn  shown  re|>e:itetl]y  Hiat  tlie  cljarat'terisdc  etfeets  of 

lie  cannot  Im?  clicittHl   by  its  achniiiistraliivn   by  the  mouth  or 

^^mtHHisly.     It  is  possible  that  the  extract  might  prove  beneficial 

••^d   be  brought  into  the  blood  directly  but  tliis  is  cpiite  impos- 

fironic  condition  such  as  Addition's  disease.     Its  general  action 

IUie  circulation  might  bo  taken  ail  vantage  of  in  such  emergencies  as 
Vt  failure  under  ansestliesia  or  syncope,  and  in   fact  Cirottlieb  has 
ips  tJwit  in  animals  poisoned  with  chloral  or  chloroform  until  the 
m  has  almost  completely  ceasetl,  the  circulation   may  be  restored 
Iwrfiately  by  supran?'nal  extract.      In  order  to  elicit  tliis  action,  the 
Id   have  to  l)e  injected  intravenously  and  little  danger  is  to 
J     ueiided  from  small  doses  if  one  can  judge  from  the  results  in 
j"inid#;  DO  such  treatment  has  yet  been  adopted  in  man. 
The  prcat  use  of  suprarenal  preparations  is  however  due  to  its  local 
on  the  vessels.     No  oihrr  body  is  known  which  induces  such  com- 
eoutraction  of  the  vessels  in   any  part  to  which  it  is  applied,  and 
idilitlou  suprarenal  extract  has  only  l*M'al  etfccts,  for  it  is  oxidized  so 
'  W  in  the  tissues  tliat  it  has  no  general  ettect  unless  injected  into  the 
Complete  bliMHilessness  of  a  part  may  thus  Im*  elieitwl  without 
tion  of  the  general  blood- pressure  and  in  tact  without  any  appreci- 
effect  upon  other  parts  of  the  body.     This  local  ischjeniia  has  been 
ly  employed  to  allow  of  bloodless  operalions  on  the  eye  and  to  re- 
congestion  of  the  c<injunctiva  from  various  causes.     It  is  often  ad- 
red  with  cocaine  in  operations  on  the  eye  (1-G  jKTcent.  solution 
1  extract).     In  congestion  of  the  nasal   mucous  membrane  and 
operations  on  the  nose  it  is  also  used  extensively  and  with  much 
It  may  l>e  sprayed  into  the  nose  in  tlie  form  of  a  ten  per 
it,  solution,  or  cotton  soaked  in   this  solution   maybe  packed   into 
,viiy.      In  epistaxis  and  in  r>f>i'rations  ou  the  nose,  the  hienior- 
ceases  almost  completely  and   the  cojitraction   of  the   muct)us 
braoe  |>erniita  of  a  clearer  view  of  the  Held  of  operation.     Hay 
is  oft<»n  relieved  by  similar  treatment  with  sujira renal  prepara- 
A  10—20  per  cent,  snlntion  of  the*  dried  gland  has  been  found 
.1  in  luemorrhage  fn^m  the  €»ar,  mouth  and  tliroat. 
(rrunbaum    first   suggt-steil    its   use   in   gastric    hiemorrhage,   5-1 1 J 
It  of  extract  Ijeing  diss^iK^ed  in  water  and  swallownl ;  the  action 
i5(nnfini*<l  to  the  mucous  incmbrane  of  the  stomach.     Similarly  it  may 
t«e injected  into  the  rectum,  bladder  and  uterus  in  congestion  or  hiem- 
fnim  these  organs^  and  Schiifer  recommends   it  especially  in 
-partuni  hiemorrhage,  in  w  hich  it  acts  not  only  on  the  uterine  ves- 
but  also  on  the  muscular  walls  and  arrests  the  bleeding  by  causing 
funic  contraction.     In  all  of  these  cases  the  snprarcnid  preparation 
to  be  applied  directly  (o  the  bleetling  orgtm  ;  and   no  effects  will 
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as  has  been  already  stated,     Thi^  nerve  leriuinutiuDti  seem  to 
affected  even  by  very  large  quantities,  so  that  as  long*  as  a  contraa 
of  the  nniseie.s  can  be  elieited  by  direct  stimulation,  it  ftjllovvs  als 
stimuliitiou  tifthe  motor  nerve,  and  the  vagus  terniinatiuni?  in  the  J 
e^m  transmit  inipubes^  ati  long  as  the  heart  coDtinues  to  Jieat, 
Xempftralure  is  soin^what  lowen>d  by  the  nitrite  series,  ^o wing  toj 
dilatatiuii  of  tjie  iskin  ve?jsels,  butlhi:?  fall  h  yen-  insignificant. 

Aniyl   nitrite  causes  tlie  Blood  to  assume  a  dark   ch€>colale 
both  in  the  IkkIv  and  in  the  test-tube.     The  color  m  due  not  Ui 
compound  formed  by  the  nitrites,  but  to  their  changing  the  hspa 
bin  to  uicthmniiighibin  and  n i t ri c-o x ide- h te rn ogL>bi n  conipoiiuds  ini 
the  oxyf»:en  is  attached  much  more  tirinly  than  in  oxyhiemoglobin,  1 
whii'h  ditfer  fr<mi    it   in   the  ubsorption   bands  seen  in  the  Rp 
This  eiiange  in  the  h;eraoglobin  does  not  entail  the  destruction  cif  | 
rcfl  corpuscles,  and  the  compounds  are  e%'entuaMy  reduced  by  the  tis 
although  the  reduction  progresses  much  more  slowly  than  that  afciil 
nary  oxyhjeaioglobin.      In  man,  usually  very  little  of  the  hfemc»gIo 
is  thus  tnnisformed,  and  even  after  large  quantities  liave  been  icha 
no  abnormal  coloration  of  the  blood  is  noticeable,  but  it  has  been  ( 
m*)nstrated  recently  tliat  the  alteration  of  the  haemoglobin  is  the  can 
of  death  in  some  animals,  through   tlit*  blood  becoming  incapable 
(^arryitig  oxygen  to  the  tissues.      It",  however,  asphyxia  be  prevented 
by  the  inhalation  of  oxygen  un^ler  pressure,  the  tissues  themselves  I 
eventually  acteil  on.     The  formation  of  meth^moglobin  does  not! 
to  bear  any  relation  to  the  action  of  t lie  nitrites  on  the  vessel  walls,  i 

Excretion.  —  After  absorption  into  the  blood,  amyl  nitrite  6ei.Mm( 
break  up  with  tlie  formation  of  nitrites  of  the  alkalies.  These  undei| 
palatial  ii Mil tUioj I  and  appear  in  the  urim'  in  the  form  of  nitrates  j 
uitrites,  but  the  ipiantity  of  these  excreted  is  never  equal  to  the  nitll 
aT>s*^>ed ,  so  that  it  see  n  is  p  ro  1 1  :d  1 1  v  i  1  \  a  t  sotn  e  pa  r  t  in  id  e  r  goes  st  i  11  fill 
ther  change  and  ap|)ears  as  one  of  the  normal  excretions.  The  i 
disappears,  and  is  probably  oxidized  completely,  although  sorae 
appear  in  the  breath. 

Nitrite  of  amyl  given  by  the  stomach  is  very  much  less  active  th 
when  inhaled,  as  the  nitrons  acid  is  freed  by  the  gastric  juice  and  ifl 
mediately  decomposes.  When  injected  subcutaneonsly  it  act^  mti 
more  slowly  and  weakly  than  when  absorbed  by  the  lungs,  aoJ 
erally  gives  rise  to  glycosuria  and  slight  diuresis.  No  satisfctol] 
ex|>lanation  of  this  fact  lias  been  given,  but  it  is  possible  that  tte 
formation  of  lucthtemoglolnn  may  cause  partial  asphyxiation  of  tl»e 
tissues,  and  thus  cause  the  formation  of  excess  of  lactic  acid  ami  glf 
cosuria. 

The  pharmaeopa*ial  amyl  nitrite,  with  which   most  of  the  ex 
ments  have  lieen  jwrformed  on  which  the  above  description  is  W"^ 
is  not  a  pure  sul>stance,  but  consists  of  the   nitrites  of  two  «1tlTerP  . 
amyls  — //-amyl  ami  /i-amyl  —  along  witli  isobutyl,  ethyl,  and  froff^ 
nitrites,     A  numlx^r  of  the  pure  nitrites  have  been  examined  hv  i'^t 
and  Dunstan,  who  find  that  in  general  features  they  resemWe  <*<*■ 
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ill   the  tissues,  but  none  of  them  with  such  rapklity  us  nitro- 


I  which  httve  been  used  to  some  exletit  in  the  last  few  years  are  solids 
kfol  Tetranitrate  and  Matifiifof  Ncxaititiatt\  Tbey  act  imich  more 
'  Mid  for  a  loii^^er  time  than  iiitrofflyferin. 

eerier  of  bodies  whieh  may  be  menliimed  in-^  oeeiisionally  acting 
B,  although  more  feebly,  are  the  niiru-lMMiieH.     In  ihese  the  nitro- 
[attached  to  the  alkyl  direetly,  ainl  not  through  the  intervention  of  an 

H 
L  alom^     Examples  of  these  are  Nitro methane,  HC^ — NO,,  and  Ni tro- 
ll ir 

&,  CH, — C — SO^.     Their  acTt ion  is  so  feeble  m^  to  preeltide  their  yse  in 
H 
etitics,  and  seems  ilne  to  the  —  NO^  l>eing  Bplit  olf  in  the  tissne,'^  and 
to  nitritess  in  very  small  <|nantlty. 

best  known  racmber  of  the  gruiip  is  Amyl  Nitrite,  and  it«  action 
firet  be  descril^ed,  while  the  points  in  whieh  the  effects  of  the 
ftf  members  diverge  from  it  will  Ik^  diseussed  later, 
^he  <*hanicteri?itic  results  itf  the  alisorptinn  nf  aiuyl  nitrite  are  dila- 
:>n  of  the  vessels  and  the  formation  of  niethfemogloliin. 

dptoms.  —  After  the  inhalation  of  a  few  drops  of  amyl  nitrite,  the 
becomes  flnshed,  and  the  patient  complains  of  a  feelin_g  of  fuhiess 
I  throbbing  m  the  head.     Some  headache  and  confusion  is  often  pi^- 

FiG.  47. 


C  of  llie  bli>ad|.pre»«ure  In  tUe  mhbH  under  rtjivI  iikHli?.     From  A  to  B,  this  bli>CMl-pres»urc  k 

.^t  ^  the  iahoL^jiLtjon  waa  ti^'guu  tiini  t\w  fUaluTbaimv  t*f  tlit^  re^)*!  nit  ion  b  rellt?oleiJ  in  ihe 

itr«  ITmdfifL     I luiiiedlately  aftcrwiirtlA  Uio  WiMnl-prfj'Biim-be^ns  lo  fall  and  tuuUnue«  m  <Io 

I  aikcr  (lie  iahilAliu»  oe*»ed  al  C     Xole  thnt  thci  rh ytbni  nadi  streuMtli  of  tlie  pube  are  ei^rupnr- 

rlUtteaJtervd. 

It,  the  pulse  is  accelerated,  and  tfie  respiration  is  somewhat  quicker 
"  tleeper,  T h  e  fl  us  h  i «  o f te  n  eo  n  fi n  ed  to  the  face  and  n  eck ,  h  u  t.  so  m  e- 
i4preadB  over  the  whole  trunk,  and  jiasses  olf  in  a  few  minutes, 
lleas  the  inhalation  is  eontiuuecL  If  large  quantities  of  the  drug  be 
ttled  at  once,  however,  or  if  the  iniiahition  he  continued  frvr  some 
?,  a  feeling  of  giddiness,  weakness  aiifl  eventually  stupor  foUow, 
'pulse  becomes  slow,  while  ttie  resjii ration  still  remains  accelerated, 
L«<  shallower  and  often  somewhat  irregular;  convulsive  movements 
ky  ixicur,  but  in  general  large  quantities  may  be  taken  without  actual 
er  in  the  human  subject.  The  blood  is  said  to  have  assumed  a 
rk  color  in  some  cases,  but  this  seems  to  lie  rare. 
Action:  Circulation.  —  In  experiments  on  animals,  tlie  flushing  and 
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glTcerin.  which  may  perhaps   be  decomposed    more  slowly  in 
animak  than  in  others.     Nitroglycerin   is  nQt-jgholly  broken  \ 
^  ^fH"^*^  ^r^Ii  however,  for  it  has  been  found  in  the  urii^p^  andlj 
headache  which  so  frequently  follows  its  administration  in  man,! 
been  ascribeil  to  the  undecomposed  molecule,  and  not  to  the  mb 
constituent.     It    is   generally  supposed   to    be  extremely  poison 
and  is  pr<?scribed  in  exceedingly  minute  doses,  but  it  has  been! 
that  while  very  small  quantities  are  sufficient  to  produce  therap 
effects  in  man,  the  toxic  dose  is  enormous  in  animals. 

Several  other  organic  nitrates  have  also  been  found  to  reduce  t 
bliiod-pressure,  and  to  cause  the  formation  of  methsemoglobin,  butthdfl 
decomposition  proceoils  much  more  slowly  than  that  of  nitroglyceri%| 
and  they  have  not  been  much  used  in  therapeutics.  Erythrol  tetnih 
tratf  and  mannitol  hexanitrate  act  more  slowly,  and  the  fall  of  pro* 
sure  is  more  gradual,  and  lasts  longer  than  under  any  others  of  tb 
series. 

Preparations. 

Amtl  Xitris  (U.  p.  p..  B.  P.).  a  yellow,  verj-  volatile  fluid,  with  a stroof, 
fruity  odor,  soluble  in  alcohol  aud  ether,  but  rapidly  decomposed  by  water. 
2-0  <lrops  are  poured  on  a  haodkerchief  and  inhaled.  A  convenient  prepi- 
ration  is  the  amyl  nitrite  *'pearls,''  which  are  thin  glass  capsules,  each  (At- 
taining a  dose  of  the  remedy,  and  one  of  which  is  broken  in  the  hand* 
kerchief  when  necesesarj*.  Amyl  nitrite  is  liable  to  decompose  when  kepi 
loujr.  and  ought  to  be  used  only  when  recently  prepared. 

SpiBiTis  Gloxoini  (V.  S.  P.),  Liquor  Trinitrini  (B.  P.),  is  a  one  per 
cent.  akH»holic  solution  of  nitroglycerin.     0.03-0.1  c.c.  (4-2  mins.). 

Tabell.e  Trinitrini  (B.  P.).  or  nitroglycerin  tablets,  are  formed  of 
chocolate,  and  (H;»ntain  each  jj^  gr.  of  nitroglycerin.      1-2  tablet.s. 

Liquor  Ethyl  Xitritis  (B.  P.),  a  solution  in  alcohol  and  glycerin  of  ethyl 
nitrite-(2A-8  per  cent.),  forming  a  limpid  liquid  of  apple-like  odor  and  taste. 
2t>-4>0  mins. 

Swin  Mtris  (U.  S.  P.,  B.  P.)  (NaNO,),  0.05-0.1  G.  (1-2  grs.).  It  maybe 
prescribtMl  in  tablets  or  in  solution. 

Spiritvs  -Ktheris  N1TRO8I  (U.  S.  P.,  B.  P.),  sweet  spirits  of  nitre,  con- 
tains only  tra<'t*s  of  ethyl  nitrite,  along  with  ether  and  aldehyde  in  aUx^hoBc 
.*^)lution.'  When  freshly  prepared  it  acts  like  the  other  nitrites,  but  when 
l»rcscrilKHl  aU>ng  with  water,  as  is  usually  the  case,  the  nitrite  escapes 
rapidly,  and  it  has  little  ellect  except  from  the  ether  and  alcohol.  1-5  c.c. 
(20-iM!  niins.^. 
Nonofficial. 

Knjthrol  h'tranitrate  (CH50NO,(CHONO,)jCH,ONO,)  is  a  solid,  and  i» 
riMomnuMKlrd  in  doses  of  0.05  G.  (1  gr.),  in  pills,  tablets  or  alcoholic  solu- 
tion. Like  nitrojrlyeerin,  it  is  a  dangerous  explosive,  and  one  fatality  htf 
already  occurred  in  forming  it  into  pharmaceutical  preparations. 

Therapeutic  Uses.  —  The  nitrites  were  introduced  into  therajMutios 
by  Ilrnnton,  who  advised  their  use  in__m3giiia_j)ectoris^  to  relieve 
spasm  of  the  arteries.  They  are  certainly  tlic  tnn«t  |w^vvorf^]|  ([o\)TtSc 
,<ants  of  the  hhxtd-pmisure  known,  and  may  bo  used  in  all  case?  where 
this  appeaTT abnormal lyTiigl^  Fi>r  rapid  transient  effects  nitrite  of 
amyl  seems  spiHMally  indicated,  while  nitroglycerin  and  nitrite  of  ^^o- 
dinni  are  more  suited  to  produce  a  depression  of  sonic  duration.  Thas 
the  attack  of  angina  iK»ctoris,  amyl  nitrite  is  often  found  to  give 
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liefj  but  if  Ditrite  of  sodii  is  atlniioister^d  every  4-tj  hours,  no 
y  occur.  Tbis  ilisadvimtiige  of  the  metallie  nitrites  is  the  fre- 
cnictation  they  prrxiuce,  while  liitroglyceriu  oiteii  eauses  severe 
iche,  which,  however,  disappears  in  some  eases  after  repeated  use. 
in  angina  pectoris,  the  nitrite  series  may  be  used  in  any  con- 
ic which  it  IS  supposed  that  tlie  arterial  tension  may  \n*  lowered 
ln*neiit  ti5  the  economy.  Thus  nitroglyeerin  has  been  advised 
rt  diseiise  and  has  accordingly  liwni  plneed  by  some  aiuong  the 
ueoud  group  of  "  Cardiac  tonics  or  stimulants."  Its  benetieial 
are  not  due  to  any  direct  action  on  the  heart,  but  to  its  decreas- 
e  resistance  against  which  tlie  systole  is  performed.  In  this  way 
>n  traction  of  the  ventricle  is  rendered  more  cum  pi  etc,  antl  the 
t  of  the  heart  raay  be  increased.  In  weak  hearts  struggliui^ 
t  a  high  aortic  resistance,  this  relief  may  be  followed  by  marked 
t,  and  for  this  reitson  nitrite  prc^nirations  (nitroglycerin)  are  often 
rii>ed  in  chronic  Bri gilt's  diseiise,  Digi tid  is  causes  a  ci uit nietSon  of 
peripheral  arterioles  along  with  its  proj^er  canliac*  aetion,  and  the 
iioD  of  nitrite  may  be  advisable  in  some  eases  in  order  tt>  neutralize 
peripheral  action.  In  those  cases  the  nitrite  of  soda  or  nitrogly- 
I  is  of  course  prefendyle  to  amyl  nitritCj  whose  action  is  too  tnuisieut. 
^  Digitalis,  page  bjO.)  Amyl  nitrite  has  been  advised  in  cases  of 
th  fnmi  chloroform  on  the  theory  that  it  would  benefit  the  circulation  ; 
i;a5a  matter  of  fact,  it  w^ould  api>ear  strongly  contra-indic>ated  in 
le  case^  in  which  it  is  true  that  the  lieart  is  extremely  depressed, 
in  which  the  arterial  tension  is  practieally  zero.  Its  use  is  esi>ccially 
ioual,  if,  as  has  Ijci-n  suggested,  the  failure  of  the  respiration  is 
ly  due  to  anaemia  of  the  central  nervous  system.  The  cases  in 
recovery  has  occurred  after  this  measure,  may  iti  fact  be  said  to 
recovered  not  owing  tn,  but  in  spite  of  the  use  of  amyl  nitrite, 
n  very  advanced  degeneration  of  the  cardiac  muscle  fibre,  the  ail- 
istration  of  amyl  nitrite  is  distiuetly  contraindicated,  tor  the  blood- 
sure  is  low  and  any  fnrtlier  reduction  may  lead  to  syncope  from 
la  of  the  brain,  and  to  still  greater  weakness  of  the  heart  from 
low  pressure  in  the  coronary  arteries  lessening  its  nutrition, 
Nitrite  of  amyl  has  lieen  used  largely  in  aslluna  an<l  in  cardiac 
[fipnOBa.  Its  action  is  often  beneficial  and  lias  been  atlrihuted  to  its 
ng  the  bronchial  muscles,  which  are  supposed  to  l>e  in  a  con- 
n  of  spasmodic  contraction  in  astlmia.  In  the  cardiac  cases  its 
bn  in  removing  the  dysjvno'a  may  l>e  du*'  ttJ  its  lowering  the  prcs- 
in  the  systemic  arteries  and  ilms  relieving  tlie  heart. 
tJ  borne  cases  of  lieadaehe,  nitrite  of  amyl  is  of  marked  benefit, 
in  others  it  aggravat<*s  the  condition.  This  is  perfectly  in  tel- 
le, as  tiome  fiu*ms  of  headaclie  may  be  thie  t(»  constriction  *A*  the 
fioli^s  while  fjthers  are  accomjKinied  by  a  congested  condition  of 
lie  Vfssek  of  the  head. 

rrora  g{>asra  of  the  circulatory  organs,  the  use  of  nitrite  of  amyl 
lK*en  extended  to  other  f'orms  of  s[>asmo<lic  seizures^  such  as  cpi- 
fpsy.     It  seeras  to  be  of  little  or  no  value,  as  indeed  night  be  ex- 
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pectcd  from  its  pharmaoological  action.     In  some  cases  it  even  sem 
to  increase  the  tendency  to  convulsions. 

Sweet  spirits  of  nitre  has  long  enjoyed  a  popular  reputation  as  i 
diaphoretic  and  diuretic.  It  seems  to  have  little  action  eith^  ontk 
kidneys  or  the  sweat  glands,  and  might  be  discarded  from  the  phui- 
macopooia  without  loss.  It  is  of  more  value  as  a  carminative  nd 
flavor  than  for  any  other  purpose. 
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ZXXn.    JRQOT. 

Er^t  is  a  parasitic  fungus  (Claviceps  purpurea)  which  grows  on  the 
rye  (Seeale  cornutum  or  cereale)  and  occasionally  on  other  kinds  of 
grain,  more  rarely  on  other  plants.  It  is  of  great  importance  in  ther- 
apeuti('s  and  also  in  toxicology,  as  the  use  of  bread  and  raeal  contain- 
ing it  has  frequently  given  rise  to  widespread  epidemics.  In  these 
the  chief  symptoms  consisted  in  gangrene  of  the  limbs,  or  in  convul- 
sive movements  and  contractures. 

The  chemistry  of  ergot  is  still  in  an  unsatisfactory  condition,  as  its  active 
principles  seem  to  be  i)eculiarly  unstable,  and  are  decomposed  by  compara- 
tively weak  reagents.  A  large  number  of  imperfectly  isolated  bodies  have 
been  described  as  occurring  in  it.  but  the  first  approach  to  a  successful  treat- 
ment of  the  siil>ject  Mas  made  by  Kol)ert  in  1884.  He  described  three  bodies 
as  involved  in  the  a<tiun  of  ergot,  the  first,  Ergoiinic  Acid,  a  nitrogenous 
acid  of  ghicosi<lal  nature,  the  second,  Cornutine,  an  alkaloid,  and  the  third. 
ASphacelinic  Acid,  a  resinous  acid  which  contains  no  nitrogen.  Various  other 
bases  liave  been  observed  in  ergot  besides  corniitine.  but  most  of  them  are 
entirely  inert,  and  the  others  may  owe  their  action  to  the  presence  of  one  or 
more  of  these  three  bodies,  or  may  ]>erhaps  be  identical  with  comutine.  It 
must  be  added  that  Robert  did  not  succeed  in  isolating  completely  any  of 
tliesi^  three  poisons,  but  he  was  able  to  show  that,  while  ergotinic  acid  he- 
haves  in  the  .same  way  as  the  membti-s  of  the  .^apotoxin  series,  comutine 
stiinulates  the  centi-al  nervous  system  strongly  and  produces  convulsions, 
while  sphacelinie  acid  induces  gangrenein  animals. 

.Tacobj  has  recently  stated  that  the  action  of  si>hacelinic  acid  is  due  to  a 
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'  poisaiious  resinous  body,  Sphacelotojcin^  wh'wh  seems  to  be  capabli'  r»f 
t^^ring  hito  loixse  eombintitloiij^  with  variuiij^  other  const  it *»entH  of  ei,i:ot, 
?  tiucceecietl  hi  iHohitiiij^  two  sueJi  eoiii]Hnmds,  one  of  whit'li,  Chrt/i*otoxitir 
-^XH-d  to  be  a  couihiiiiition  of  s|jharelotoxiii  with  the  weakly  acid,  imietive 
til,',  Ergoi'hrygin,  the  otlier  of  whiih  SecftUntoxiti,  wan  u  j<iinihir  t'imii»onrid 
t^pharelotoxin  anit  ati  alkntoid,  Straiitte,  S|iha<^elotoxTn  he  fuuntl  to  l>e  a 
»*^*  unstable  eoniyiouiid,  whielj  ketit  l)fttfr  wfit-n  in  the  form  ofehrysotoxiiK 


The  action  of  ergot  m  known  irt  present   is   tli<Te fore  a  eomplex 

?^  ■^ich  raay  be  anal yzetl  intt*  three  factors  :      1 .     That  due  to  one  or  mure 

^^''^lies  somewhat  resenihliog  saj)c»loxin  in  action  and  iNjiitaiiied  In  an 

*^>pure  form  in  the  ergotinic  acid  of  Kohert.      2.  That  dtie  to  one  or 

^^^re  convulsive  poisons  eontained  in  the  corniitine  of  Kobert^  and  **i^ 

-^«\iitdne  toa  fjan^rene-pHxlacing  jMjison,  wliich  is  eontainiHl  In  the  spha- 

?Iiaie  aeid  of  Kobert»  and  has  been  tenned  sphaeeloloxiii  by  Jacobj, 

Wliile  Comatine  is  not  a  [vure  i>rinci|de  aiul   its  eifi'cts  may  be  ibie 

the  interaction  of  several   |Miisons,  lire  train  of  syinptonts  is  per- 

ftxily  distinct   from  those  indnct*d   by  the  other  eonstituent.s  of  ergot, 

tind  the  name  may  l)e  usetl  to  indicate  the  ciiuse  of  these,  without  any 

definite    undcrstamlinjj  as  to   the    nature  of  the   Wly.      In    fro^^s   it 

toduccij   cliauges  in   the  skeletal    muscles   sindlwr  to  those  described 

•  under  venitrine,  Init,  unlike  the  latter,  does  not  atlect  the  heart.  In 
both  frogs  nad  niatnmals  cmviu  nisions  arc  observed  and  seem  to  be  due 
to  stimulation  of  the  niednlia  olJongata  and  the  ba^ml  jtfanj^Iia,  for  they 
cliii^tpipcar  in  the  fnig  when  the  medulla  oblongata  is  destroytHl,  and 
are  mainly  clonic  in  nature.  In  the  tlo|f  the  symptoms  consist  of  re<t- 
_  Icssue-ss,  salivation,  vinuiting,  auil  pur^iu^.  The  pulse  is  slow  and 
I  irregular,  and  al\er  somewhat  larj^er  <loses  clonic  <H>nvu!sions  set  in 
with  intervals  of  depression.  The  res  pi  rat  it  *n  ceases  during  one  of 
lhes<\  while  the  heart  c^intinues  ti>  beat  for  some  time* 

The  alteration   in   the  coutnietion  iif  the  muscles  is  due  to  direct 

ion  on  the  miiseular  tibre^  similar  to  that  of  vcratrine,  while  the  other 

Ipttaus,  like  those  from  picrotoxin,  are  caused  by  stimulation  of  the 

"mtKlulhi  oblong'ata  and  the  nervous  eentrt»s  in  its  neigldMirlnMjd,     The 

i»h>w  rhytlmi  of  th**  heart  can  be  removt^l   Ijy  section  ot*  the  vajiri,  and 

ia  therefore  due  to  the  inhibitory  centre*     The  %'a^o-«Huistnctor  centre 

is  alflo  stimulated,  and  a  considerable  increase  in  the  arterial   pi^essure 

i^  thus  caustKl,  although  this  may  Ik-  conceakcl  liy  the  slowness  t»f  the 

heart »     Neither  heart  nor  vessels  are  alfected   ilirectly.     Tlie  nausea^ 

•  8tiHvation  and  vomiting  seem  b»  l>c  the  result  of  medullary  action  also. 
Kobert  observed  that  both  stomach  and  Ijowel  contracted  powerfully 
under  is>rnutine,  and  that  wave-like  movements  occurred  at  the  name 
time  in  the  uterus^  whetlicr  pre^^naiit  or  not.  These  movements  were 
not  continuous,  liut  rc^^embled  perihtaltic  (*outrtietions  and  dicl  not  tend 
to  empty  the  uterus.  They  were  not  pnnliu'cd  n\  the  excised  organ 
when  It  wafi  perfused  with  blm)d  c<»ntaining  cornutine,  and  he  there- 
fon*  supp»ise*i  that  they  were  the  result  of  some  action  on  the  central 
nervous  system.  After  large  d<»ses  of  cornutine  the  stimulntion  of  the 
[central  nervous  syBtem  j>asses  into  paralysis  and  the  respiration  ct^a^^es. 
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Spliacelotoxin  differs  from  all  other  known  poisons  in  produciif 
gangrene  of  various  organs,  more  especially  in  fowls  and  pigs. 

In  the  frog  the  symptoms  consist  of  depression  and  paralysis  of 
the  central  nervous  system.  In  most  mammals  (dogs,  eats,  rabbits, 
and  guinea-pigs)  the  chief  symptoms  arise  from  irritation  of  the  ali- 
niejitary  canal — salivation,  vomiting  and  some  purging — which  is 
induced  whether  the  drug  be  administered  by  the  mouth  or  6ul)cuta- 
neously.  I^ter  some  signs  of  excitement  may  be  observed,  followed 
by  depression  and  weakness,  the  excitement  apparently  being  due  to 
cerebral  action.  Robert  found  numerous  extravasations  of  blood  in  the 
stomach,  intestine,  and  other  organs,  especially  when  the  drug  was 
given  for  some  time  and  chronic  poisoning  induced.  No  gangrene 
could  \ye  elicited  in  these  animals. 

In  fowls  a  much  more  characteristic  train  of  symptoms  is  found  to 
follow  the  administration  of  sphacelotoxin.  A  cock  soon  appears 
drowsy  and  somewhat  dyspnceic,  and  the  comb  loses  its  bright  scarlet 
color  and  becomes  blue  and  cyanotic,  especially  at  the  tips.  Purging 
and  sometimes  vomiting  follow,  and  the  animal  has  often  great  diffi- 
culty in  preserving  its  balance,  swaying  to  and  fro  very  much  as  does 
a  patient  suffering  from  locomotor  ataxia.  After  small  doses  the 
symptoms  may  pass  off,  but  when  larger  quantities  have  been  injected, 
and  es|)ecially  if  chronic  jwisoning  is  induced,  the  comb  becomes  dry 
and  hard  and  eventually  falls  off  without  any  haemorrhage.  The 
wattles,  tip  of  the  tongue,  wings  and  spurs  may  undergo  the  same 
process.  It  refuses  food,  loses  flesh  and  becomes  weak  and  somnolent, 
but  may  recover  if  the  treatment  be  stopped ;  otherwise  it  dies  of 
inanition  and  general  weakness.  The  vessels  of  the  comb  are  found 
to  be  filled  with  a  transparent  "  hyaline  ^^  mass  with  a  narrow  streak 
of  red  corpuscles  here  and  there,  and  it  is  evident  that  a  typical  dry 
gangrene  has  been  induced.  Marked  irritation  of  the  mucous  mem- 
brane of  the  crop,  stomach  and  bowel  is  present,  with  numerous  ex- 
travasations, frdpiently  with  circumscribed  areas  of  necrosis.  CEdema 
and  ecchymoses  are  often  met  with  in  the  subcutaneous  tissue  and  also 
in  the  internal  organs,  and  a  curious  substance  resembling  amyloid 
was  s(»en  in  the  liver  by  Griinfeld.  No  alteration  of  the  central  ner- 
vous system  has  been  detected  afl^r  careful  examination.  In  pigs,  the 
ears  become  dark-colored  and  cyanotic  and  the  tips  undergo  dry 
gangrene  and  fall  off.  Grangrene  is  also  observed  in  the  extremities 
and  in  different  parts  of  the  skin  of  the  trunk,  and  haemorrhages  into 
internal  organs  occur,  es})ccially  in  the  bowel. 

The  gangrene  appears  to  be  due  to  a  prolonged  contraction  of  the 
arterioles  shutting  off  the  blood  supply  of  the  parts  and  leading  to  a 
hyaline  formation  in  the  lumen  and  walls  of  the  arterioles,  which 
effectually  obstructs  the  circulation  after  the  muscular  coats  have 
relaxed.  The  constriction  of  the  arterioles  has  been  shown  to  occur  in 
animals  in  which  no  gangrene  follows,  but  is  probably  not  so  extreme 
in  these.  This  constriction  of  the  arterioles  of  course  induces  an 
increase  in  the  blood-pressure,  which  was  found  by  Robert  to  be  of 
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ble  extent,  while  Jacobj  lmia<l  it  loss  marked.     Ciirioasly 
igh,  the  bltKK] -pressure  in  the  fowl   Ita^^  not  l^een  extmiinetl   under 
lotoxin,  although  it  miglit  He  ex|>e<Jted  to  be  more  aiigmeuted  in 
[•  than  in  many  other  tini mills. 
Kolwrt  8npp«>scHl  that  the  arterifiles  were  eonstricted  by  the  increased 
m<Hivity  of  the  va!*o-nu)tor  ceritn\  but  Jaeoli^j   has  stjovvn  that  fhere  is 
w^m  some  periphenil  artion,  for  the  blood-prrssure  rises  after  division 
of  the  spinal  cord,  and  the  fl€»w  of  1>1o<k1  throuy^h  an  excised  organ  is 
<!onsiilerably  n^tarded   whrii  sphaeetotuxin  is  added  to  it,      lie  there- 
fore C4jnsiilerH  that  the  muscular  wall  of  the  vef>sel  is  acted  on  tlireetly, 
Kwell  as  thrtKigh  the  central  nervous  systeru. 
Jaeobj  found  that  sphueelotoxin  often  induced  abortion  in  pregnant 
ttnials,  and   eoneludes  that  it   provokes  uterine  eoutraetitMis,  which 
e  nut  tetanic  in   nature,  but  whicli  rather  resemble  the  normal  peri- 
iltic  con tnit»t ions  of  the  uterus  during  labor.      These  wave-like  coo- 
&ctions  move  the  ftetus  towards  tlje  os  uteris  and  eventually  cause  its 
expuUion.      He  found  that  alwjrtion  c^uld  be  induced  without  iserious 
injury  to  eitlier  pai*ent  or  young.     The  contraetions  of  the  uterus  may 
lie  due  to  Nime  action  on  tlie  spinal  cord,  as  has  Ik-cu  generally  believed, 
but  it  must  not  l>e  forgotten  tliat  tlie  uterus  is  eajiable  of  autornutic 
ov*enient  and  that  the  young  can  be  expelled   iVom  it  after  dciitruc- 
ti  of  the  spinal  cord,  so  that  it  seems  n<»t  unlikely  that  ergot  acta 
ther  on  the  uterine  (il»res  tlircctly  than   through  thr  nervous  centres. 
lii&  uterine  action  is  elicited  in  animals  in  which  ergot  does  inA  intluoe 
le^  such  OS  the  rabbit  and  cat. 

Th«  Ergotinic  Acid  of  Kol)ert  seems  to  have  little  nr  no  eflTtx-t  when  given 
l>y  the  inoiitb,  l»ut  imluees  depression  »n<t  jmnilysis  of  thes|iinal  eunl  wheii 
injt?cl4?d  tiubi»uti4iieuusly  or  intravenou>«ly  in  froir*  ami  irmiiiuuilK.  Tlie  hij^her 
cH visions  of  the  nervous  system  seem  K^ss  rtNidily  ii<!ecteiJ,  ullhough  the 
brain  is  also  depressed,  and  uiii'otisfiou?<iiess  and  etillajisc  miiy  fuHow*  Tlie 
Ijlmwl-preHrture  is  much  reduced  fnim  depressiun  uf  tiie  viijiii-molor  centre, 
while  the  heart  i^eema  oompamtively  little  atlected.  Death  occurs  fvovsk 
pamlyHiA  of  th«*  respiratory  centre. 

In  luiditiou  U}  tbe»e  three  liLidies  thciN>  are  prohalily  niiuT  motive  principle** 
contuin«>d  in  erj^^^it,  for  some  prcpaniliuus  of  the  drug  csuise  very  diMinet 
t»lowne*M  und  wcrtkui^iv'*  of  tlio  jndse,  whirU  doi's  not  neem  to  he  induced  l>y 
nny  of  the  three  eonstitueiits  dfScrilK'd  iihovc.  None  of  the  thrive  principles 
have  h«'en  ntM*d  in  medicine  in  ii  t^nlTitncntly  pure  form  to  nlUm  of  ti  dt'si^'rip- 
lion  of  thrir  elfcetA,  A  s*«i-ciilled  **  coniuMm*  *'  Iihs  hi'en  emfdoyed  to  a  lira* 
il^ci  cxent,  but  it  conlmnod  i-onsidcnibk"  ({imiilitio*  of  j^pbiifcloloxiu. 

Ergot  has  rarely  piven  rise  to  Acute  Poiaoning  in  Man,  but  in  several 

^ises  in  which  it  wuj*  takcm  in  order  to  induce  abcu'tiou,  the  syrufitorns 

in  c^-dlapse,  with  n  weak,  rapid   pulse,  tingling,  itching  and 

of  the   &kin,  untpienclmlile    thirst,  vi smiting  uud  diarrh4t*H, 

nftision  or  unconsciousness,  hieuiorrliMges  in»m  tlie  uteruSi  nlxirtion, 

A  some  ict<»m«*     Ecchytnoses  were  fcHind  in  the  sulM^uniiKN»n?<  tissue 

id  in  many  intenud  or^iui?.     Simiewliat  sitnihir  symptoms  |»ave  been 

net  d  in  aniraak, 
duroiuc  FoisoninK  was  formerly  not  uneoiumon,  and  in  fact  fre<]ucnt]r 
ve  nm  to  widcspmid  epidenucsi  from  the  um  of  bread  containing  ergot 
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after  poor  harvests  and  especially  iu  wet  seasons.     Of  late  years  J 
epidemics  have  become  rare  except  iu  Russia^  but  some  of  the  '*  pi 
of  metliteval  Euro|)e  may  have  Ix^^ti  due  to  ergot  poisoning. 

The  symptom,s  of  ergotism  are  sharply  divided   into  two 
those  of  gangrene  and  those  of  nervous  disorders.     In  some  ep 
both  the  gangrenous  and  the  convulsive  forms  are  present,  bat, I 
geiieml  rule,  one  is  much  more  prevalent  than  the  other,  at  one  I 
gangrene  being  almost  invariably  piTsent,  while  in  another  epid 
the  eonvulsive  type  is  the  more  common.     The  gangrene  i^  geti 
developed  in  the  limlis,  especially  in  the  fingers  and  toes  ;  some 
the  whcile  arm  or  leg  becomes  cold  and  anfcslhetie,  dark  in  c«»lor,  j 
then  dry,  hard  and  shrunken,  and  falls  off  with  little  or  no  [taini 
no  lueniorrhage.     Symptoms  of  such  severity  are  mre,  however,! 
in  milder  ctiscs  only  the  skin  necroses.     Gangrene  of  internal 
also  occurs,  resulting  in  cataract  in  the  lens  of  the  eye,  or  ulcers  iiil 
IkiwcI  and  stomaehj  and  sometimes  affecting  a  whole  organ  suciil 
lung  or  tlie  uterus.     Al>i>rtion  is  seldom  mentioued  in  the  accouatl 
chronic  ergot  |»oisoning,  and   [pregnancy  seems  in  many  cases  to 
run   its  onlinary  course.     Gangivnous  ergotism   is   evidently  du 
sphac»eIotoxin  causing   prolongtM:!   contraction  of  the  vessels^  folio 
by  li valine  thnmibosis.     The  lilmid  vessels  in  man  therefore  seed 
be  acted  on  iu  the  same  way  as  those  of  the  fowl  and  pig,  while 
of  the  other  mammals  cscai>e. 

In  spasmodic  erg*jtism  the  first  symptoms  are  depression,  weak 
and  drowsiness,  ofn-u  with  lieadache  and  giddiness,  painful  cramp 
the  limbs,  and  itching  ami  fornucaliou  of  the  skin.     In  severe  ( 
paroxysmid  convulsions  set  iu,  generally  clonic,  and  often  epileptifoi 
but  leaving  as  se<|uelie  conlnK^tures  in  the  limbs,  or  less  often  in  I 
trunk   muscles.     Some   intellectual    weakness   often    follows  recov 
from  ei^t   poisoning,  this   not    infrecjuently  amtHUJting   to  a»inp 
dementia*  but  the  disease  was  immediately  fatal   in  a  large  proporl 
of  cases  in  earlier  times.     Coruutine  was  supposed  by  Robert  to  be! 
cause  of  the  convulsive  form  of  ergot  poisoning,  and  his  explanati 
has  been   generally  accepted,  although   it  is   not   without  difficoltij 
for  chronic  |x>isoni ug  with  cornutine  dtx's  not  produce  any  svnj[>t0 
whatever  iu  animals,  unless  doses  sufficient  to  CkIusc  acute  poisonio^l 
given.     On  the  other  hand,  fowls  poisoned   with  sphacelotoxin  ^vi 
from  ataxia  and  other  nervous  symptoms,  so  that  it  is   pn>hable 
other  fartors  besides  cornutine  arc  involved  in  the  prtxlnetion  of  th 
symptoms  in  epidemic  poisoniug  and  the  entire  action  may  jx'rbupsl 
due  to  sphacelotoxin. 

The  aceounti*  of  different  observers  of  the  action  of  ergot  on  the  indivt^li 
OTjjfans  prt'iit'nt  ^reat  distrepuncie!?.  This  is  expluined  by  the  diHercucel 
tweea  the  preparal  Ions  used  andhy  ilieexireme  inwtaliihty  of  thiMaon»»<^ 
prineiples.  Thcellrets  un  the  ciieuhuifin  are  espeeliiUy  lialjle  to  vary,  fofi 
many  rases  the  heart  is  rendered  slow  and  weak,  sometimes  appareiitlvf 
cornutine  aetin>;  on  the  vagus  eentre,  at  other  timci^  from  some  tmkmiw^ 
t  <nlv  atfeeting  the  nmsele  direetly  ;  in  others  aeeeleration  of  the  heart  1>*^ 
hi 4  II  ohjierved.     Yerj'  often  the  prepiiratious  known  as  ergotia  are  stated  W^ 
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*  inny  marked  fall  in  blood-pressure,  while  others  which  probably 
«*- '  I  trger  amounted  of  spbacelotoxiii  and  eornutim*  eon  tract  the  aileriolea 

ts.  .iiie  the  blood-pressure.      Further  dinpule   hsis  artsen  tis  to  whether 

t.tiL»  tilvct  is  central  or  pcripheraL  It  i^  obviou.sly  uoprofitable  to  disic^us^ 
^tlii^st?  queHtioiiM.  however,  as  scarcvly  any  two  of  the  ]inei*n gators;  have  used 
t^c  same  prvpuniiioii,  and  there  is  no  meaas  of  judgiag  of  what  coustitueaCs 
Uieir  drug)*  were  eoinpo!>cd. 

The  effects  of  ei^it  and  its  pre|mrations  on  the  Uterus  are  no  less  a 
wmakXtf  of  dispute.  Many  gynax*f»]ogi?ts  consider  that  it  d<j€s  not  excite 
inavements  in  the  uteruH^  but  that  when  labi>r  hvks  (ximmenced^  it  pro- 
longs the  contractions  and  mavi  in  fact,  cause  a  continuous  contrac- 
tion (tetanuj>)  of  the  muscular  tibres,  which  dchiys  the  expulsion  of 
the  contents  ami  Imperils  the  life  of  bolb  mother  and  child.  On  the 
€iih%v  hami,  some  believe  thiit  ergot  induces  uterine  contmctions  and 
strtm^tlieM  those  present  in  hibor,  without  iR-ccsstirily  hindering  the 
periodic  relaxation  of  tbe  nuiscle,  and  Jaculij's  results  with  spbacelo- 
toxio  would  confirm  the  latter  view.  Thc^ediscrepaucies  are  undoubt- 
edly to  be  explained  by  Hie  fact  tliat  preparations  of  ergot  are  ver\*  often 

♦  *       d  which  are  entirely  itiert,  white  in  other  cases  effects  luive  been 

♦  to  erg<>t  which  hiivc  appearecl  before  it  was  ix»ssible  that  the 
drujir  was  absorbed.     The  action  of  erj^ot  on  ttie  uterus  is  not  sufficiently 

?rtaaii  lo  p<»rmit  of  definite  stiitements,  but  it  seems  nnqttestionable 
\t  in  animal^i  it  produces  abortion^  and  niui?t  tbemfore  inthice  move- 
ments similar  U\  thoiJ*?  occurring  in  normal  lalx>r.  It  is  probable  that 
the  human  uterus  the  same  effect  is  inducetl,  while  the  S4i-calle<l 
Itflanus  uteri  "  may  perhaps  be  explained  by  tbe  use*  of  large  doses  or 
Bty  aetive  prppamtions.  It  may  very  well  ha|>pen  that  a  snbstance 
rhich  in  small  <[uantities  <»nly  ituTeases  tbe  irritability  of  the  muscle 
or  strengthetis  the  normal  contract  ions*,  may  in^hice  very  prolong***! 
contmctiofis  when  appliefl  in  larger  quantities  (compare  the  action  of 
digitalis;  on  the  fftig*s  heart). 

8(>me  exjieriinents  have  been  performed  to  find  whether  the  contract 
tmiSfl  of  the  menis  under  ergot  arc  due  to  action  on  the  uteius  itself  or 
on   the  nervous  centre?.     Hut  the  results  are  again  c?ontnidictory  and 
not  t>e  iletaile<h 
Kobert  at  first  supposed  that  nphacelotoxin  was  the  more  ini|>ortant 
the  ai^it>n  of  erg*»t  on  the  nteru}?,  and  this  view  ha^  been  lield 
authors  since  then,  and   has  l>een  8np|)ort4Hl  in  particular  by 
Paf*t*bj.    Of  late  years,  however,  K4>lR*rt  has  c<imc  to  regarcl  comntine  aa 
>  chief  factor  in  this  result,  although  there  seems  no  !*jiti»factorv  wtirlc, 
exp€*rimental  or  elinical,  in  supjK^rt  of  lii^  nu»re  recent  view, 
I  voniiting  and  <liarrhn»ii  which   are   sonietimes   observed  after 
ly  lie  of  central  origin,  but  are  genendly  snp[iose<l  to  l»e  due  to 
Hivei  action  on  the  mus4Milar  c<wits  of  the  stomach  and  intestines  sim- 
ir  to  Ihai  described  by  some  authors  as  occurring  in  the  ntenifi. 

PRRPAUATIONS* 

t*.  i*.  P.— Ergoia,  ergot  of  rj'e,  the  Bclerotium  of  ClavieepB  pwrpami  ri> 
:  liie  gnun  of  rye.     When  more  than  one  year  old  it  it  unfit  for  iwc 
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Kttractum  Ergodr,  0/2-1  G,  (3-15  gre.). 

ExTR ACTUM  Ergot.f-  Fi-i  idum,  4--8  c.c  (1-2  fi.  dre,). 

Vinttm  Krgotw,  l»i-20  c.c,  (5-10  0,  drB.). 

B,  P. — ^Ergota,  the  sclerotium  of  Claviceps  purpurea,  origioatiiig  in  tbr 
OViiry  of  Seen  If  cereal c\     20-ttO  grs» 

Extract  urn  Ergoiw  (Ergotiii),  2-8  grs. 

ExTitAtnuM  *ERGor>t  Lhjcidum,  10-30  mins. 

Tincfura  Ergotm  Amnumiata^  J -I  fi.  dr. 

Infiwmn  Ertjotte,  1-2  t\.  oz. 

iNjPxmo  Krgot.k  HYroL^ERMiCA,  3-10  mins.  (siibt^utaneously).  The  in* 
jectioii  oiiglit  to  be  retenily  prepared.     It  is  about  33  per  cent. 

The  fluid  or  liquid  extraets  unci  the  hypodenuie  injectiun  are  the  best  of 
the  prepaiiitioui*.  The  vinum  is  very*  often  quite  ioert,  and  the  extnw^  being 
prepared  from  the  fluid  extract  by  heat  ia  liable  to  eon  tain  lesd  of  the  un- 
.Htable  active  constituent*!  than  the  latter.  A  verj'  large  number  of  prepa- 
rations, such  as  ergotin,  ergotinic  aeid,  sclerotinic  acid^  cornutine,  etc.,  are 
dimply  more  or  less  purified  extracts  and  have  no  advantage  over  the  phai' 
macopieial  i>reparations ;  in  fact  the  chemical  manipulations  through  whicli 
they  are  obtainerl  are  often  such  as  are  likely  to  remove,  or  render  inert,  the 
active  bodies  of  the  crude  drug. 

The  dose  of  the  prejjurations  of  ergot  is  exceedingly  variable,  as  a  quantity 
sutlicieut  to  induce  very  marked  eiJect  in  autumn,  may  be  found  entirely 
inert  in  the  following  spri tig.  Grunfehl,  in  fact^  states  that  in  March  and  Apnl 
twelve  times  as  much  is  re*juired  as  in  July  and  Augit^t.  and  that  in  Sky 
and  June  the  drug  is  entirely  without  effect  in  any  dose,  but  this  is  probably 
ail  exaggenititui.  uidess  where  the  erg^it  hiis  been  carelessly  stored,  Acconl- 
ing  to  Jacubj^  the  pure  chrysotoxiu  may  be  kept  for  years  without  deteriof' 
atJug.  Sterilized  fluid  extract  is  said  to  keep  better  than  the  ordinary 
preparatious,  but  the  whole  subject  requires  further  research. 

Therapeutic  Uses.  —  Ergot  is  used  very  largely  in  obstetrics  to  pro- 
mote tlie  contraction  of  the  uterus,  but  coiisideruble  divergeuce  is  met 
witli  in  the  views  of  different  authorities  as  to  the  special  iudieations 
fi»r  its  exhibition.  Thus,  those  who  believe  that  ergot  increases  tbe 
irritaliilily  of  tfie  uterus  autl  j>roduccs  rhythmical  eootraetioii  without 
tetanus,  advise  that  it  be  given  whenever  the  pains  seem  insiiftieient, 
ami  nuvre  especially  when  this  occurs  in  tl»e  later  stages  f»f  labor* 
Others  are  possessed  w^ith  perhap.s  an  exaggerated  apjirehensioii  of  the 
proh)uged  uterine  eoo  tract  ions,  which  tliey  consider  delay  labor  and 
tend  to  cause  asphyxia  in  tlie  child,  ami  tlu^reforc  advise  tliat  ergot  f»e 
uschI  only  to  preserve  the  uterus  in  a  contmetcHl  condition  after  the 
child  and  placenta  have  been  expelled.  In  every  case  the  attendant 
sliould  of  course  satisfy  himself  before  giving  ergot  of  the  absence  of 
all  actual  imiiediiuents  to  the  passage  of  the  child,  such  as  cfjutraeted 
jndvis,  abnormal  presentation,  or  great  rigidity  of  the  soft  |>arts,  and 
when  it  is  administered  before  the  head  emerges,  the  dose  ought  to  be 
small,  as  otherwise  the  tonic  contraction  may  be  induced.  When  the 
head  is  about  to  emerge,  on  the  other  hand,  a  large  dose  may  be  given 
to  promote  the  permanent  contmction  of  the  uterus  and  thus  to  pre- 
vent post-partuiu  luemorrhage.  When  the  hitter  has  od(^  set  in,  er* 
got  is  of  less  immediate  service,  as  it  is  slowly  absorbed,  and  no  ef- 
fects follow"  for  some  twenty  minutes  or  more.  Whenever  there  is  any 
reason  to  fear  that  weakness  of  tlie  uterine  eon  traction  and  hiemor- 
rhage  may  set  in  after  the  expulsion  of  the  eluld*  ergot  ought  to  be 
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511  the  head  emerges,  and  many  gynecologists  recommend  this 
itioe  treatment. 

binders  post-partum  htemorrhagej  chiefly  by  promotiog  the 
Jon  of  tlie  uterus.     In  other  forms  of  haemorrhage  —  from  the 
1,  intestines,  kidneys,  lung  or  uterus  —  in  which  the  bleeding 
,  cannot  1>e  reat^hed,  it  is  often  iitlvoeatcd  in  the  belief  that  it  eon- 
the  walls  of  the  vessels  and   thus  arrests  tlie   flow  of  blood. 
hsemorrhages  so  often  cease  spontaneously  that  it  is  dilEciilt  to 
ute  the  vaUie  of  any  remedy,  but  it  may  be  questioned  whether 
merits  its  reputation  in  these  eases.     Its  action  in  healthy  anl- 
loertainly  indicates  tiiat  tlie  contraction  of  the  vessels  is  confined 
in  organs,  otherwise  there  would  be  a  more  distinct  increase  in 
Wood-pressure,     And  there  is  no  reason  to  supjxrse  that  a  more 
action  is  exerted  on  a  ruptureil   vessel  than  on  the  uninjurerJ 
I  of  other  organs;  but  unless  this  is  tlie  case  tlie  use  of  ergot  may 
llher  harmful  thau  remedial^  for  any  increase  in  the  general  blood- 
jre,  such  as  would  fiillow  the  c<>n traction  of  the  vessels  through- 
body,  must  increase  the  escape  of  blood  fnini  the  injured  ves- 
In  these  cases,  as  in  labor,  tlie  fluid  extract,  is  often  given  Uy  the 
kh,   but  this  extract  or  the   special    preparation  of  the  B.    P.   is 
injected  with  the  hypodermic  needle.     It  is  irritant,  and 
therefore  to  be  injected  deeply  into  the  muscle,  rather  than  into 
jbcutaneons  tissues. 
tie  effect  of  erg«>t  in   inducing  cnn traction  of  the  uterus  has  been 
in  the  treatment  of  subin volution  and  of  myomata  of  that  organ  ; 
Jinvolution   of  the  uterus  certainly  seems   to   be  favored  by  it, 
results  in  tumor  are  more  open  to  question.     In  any  atse  the 
treatment   of  this,  or   of  any  other  a>ndition   with  ergot 
be  deprecated,  for  if  the  drug  is  active  at  all,  it  may  induce  gan- 
or  spasmodic  ergotism.     The  same  criticism  might  be  applied 
itbe  ergot  treatment  of  a  number  of  other  dise?ases,  such  as  aneurism, 
etes,  or  pneumonia  ;  antl  in  addition,  it  dives  not  seem  to  have  any 
&r  effect  in  these  than  many  other  less  dangerous  remedies,  which 
ibeeo  equally  vaunted  as  specifics,  and  have  been  found  equally 
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Theiairlifr  literature  \h  to  be  fiumd  in  Grunfeld's  pJiper,  hni  the  student  is  rccom- 
to  read  tlie  above  papers  before  proceeding  to  the  e^trlier  work, 

[ustil^O  Maydis  (IT.  S.  P.),  or  corn  sTnnt,  a  fiiDfijus  growinp:  on  maize,  is 
ihily  fliftcrent  from  ergot,  and^  accord! njj  to  Kohert,  is  quite  inert.  It 
tbeeo  nsed  as  a  substitute  for  ersjotj  on  t!i^  8up|)osition  that  it  would  re- 
Me  It  in  iiction  as  well  as  hi  oi  ij^in,  hut  ha*^  proved  quite  ineircctive. 

m-root  Bark(GoRHypii  Radit'is  Cortex,  U.  S.  P.)  has  been   used  by  the 
u  uej^roes  to  produce  abortion,  and  is  said  by  some  gynecologist's  to 
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resemble  ergot  in  actioD  on  the  uterus.  It  has  little  or  no  effect  on  anjnul^ 
except  in  enormous  doses,  and  is  generally  stated  by  those  who  have  tested 
it  to  be  entirely  devoid  of  action  in  man.  The  fluid  extract  is  the  w\j 
preparation  in  the  pharmacopoeia. 


PART  III. 


^MBINATIONS   UF  TIIK   ALKALIES,  ALKALINE 
EARTHS,    ACIDS   AND   ALLIED   BODIES, 

SALT-ACTION. 

The  action  of  most  of  the  siibstauces  disciissetl  in  the  foregoing  pag^s 
Ijr  he  best  explaincMl  by  suji|x»sing  that  they  cause  some  change  in 
li\*ing  matter  of  one  or  more  organs  through  a  specific  chemical 
Bnity  for  it.  Tims  ytryehnine  may  be  ^yppo.sed  to  act  on  the  -spiiml 
"^1  ^v  forming  a  chemiail  eompouml  with  tlie  protoplasm  of  the 
-Us,  while  prussic  acid  changes  pnituplasm  generally,  through 
i^uailar  affinity  for  it. 

I  Some  bodies,  on  the  other  hand,  seein  to  have  little  specific  affinity 
br  living  matter,  but  affect  it  hirgely  as  they  do  dead  fH>Moid  Bub- 
iUoces,  through  changing  tlie  physiml  propertit^s  of  the  fluids  contained 
ba  it  or  surrounding  it.  This  action  is  seen  best  in  the  effects  <if  some 
the  salts  of  the  alkalies,  and  ig  therefore  known  as  *'  salt-action," 
iOUgh  it  is  not  confined  to  these,  but  is  shared  hy  any  soluble, 
isible  l>ody  which  can  cin^ulate  in  the  tissues  in  sufficient  quantity, 
lilts  of  strychnine  or  of  prussic  acid  are  undoubtedly  ca]L>abIe  of 
physical  changes  similar  to  those  observed  after  chloride  of 
urn,  but  they  play  no  psirt  in  the  symptoms  induced  by  these 
s,  tiecause  animals  die  from  their  specific  action  long  before  the 
itity  necessary  to  induce  the  *' salt-action  "  can  be  absorbed.  In 
of  less  poisonous  organic  substances,  such  as  sugar  and  ui'ea, 
,  many  of  the  ft^aturt^s  of  salt-action  may  be  oliserved. 
Hlieh  light  has  becm  thrnwn  on  the  nature  of  salt-action  by  the  re- 

ttidvances  in  phvr^ical  <'hemistry,  which  have  shown  that  many  of 
changes  in  the  animal  IkkIv  are  analogous  to  those  observed  in  the 
niit!:tl  hdM)ratory.      When  an  aqueous  solution  of  sugar  or  sjilt  is 
ort'fully   jwured  on  distdletl   water,  so  that  two  layers  are  tbrmed»  a 
of  Diffusion  comnienees,  tlie  dissolved  molecules  passing  tbrongh- 
the  fluid  until  the  whole  becomes  homogeneous,  each  cubic  centi- 
containing  an  equal  numl>er  of  inolecides  of  sugar  or  salt.      If 
of  distilled  water,  a  solution  of  another  salt  be  used,  the  same 

EM  results,  the  two  ImkUcs  diffusing  throughout   both   fluids  until 
become  homogeneous  ;  and  if  the  fluids  !>e  se]>a rated  by  a  mem- 
which  offers  no  ohstaele  to   the  ]>enetration  of  the  w^ater  and 
Kits,  a  similar  interchange  occurs.      When  a  membrane  is  useti  which 

Kw  the  salt  to  pass  through  it,  a  different  result  is  observed ; 
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•^puTTiie*  Ttii.1  T-.i  iri«:»n  from  pure  water,  the  latter  p. 
:    -  'inunsve*:,    r  uotil  some  factiir  such  as  hydros 


•i:^        mi:  ".      irrarr  movement.     This  is  readily  intelli^HT 
Ml-     :::.:;•    -.in   7-02-?  -without  hindrance  towards  the  salt, 
—.til--- 1     ::.r   -  L.i::«>n  more  dilute,  it   cannot  diffuse  in    *-/^ 
.::-".    1.    •— ^.li^  :aii  would  be  equivalent  to  forming  a  tn^^ 
— .L.   .  —I  in. -1    f  me  salt,  and  this  requires  the  expenditure   ^^ 
-i.-i   -?   .true,  vrule  in  the  case  in  point  there  is  no  energy  av^'i*  -^ 
:i:-     ■ir'M.-?^.      A  similar  result  is  obtained  if  the  membrane    \^ 
-li.:.     .1=-     i'   L  nun-permeating  and  of  a  i)ermeating  salt,  ^^\^^^ 
•x^»..i:;    :i.-.Hiira  with  the  fluid  in  which  it  is  dissolved  until  ^^^^ 
-^.LiT'-Mir-    n.'j-r  -Njunterbalances  the  diffusion.  ,,0^^ 

'*f    --^iscauce  offere<l  by  a  non-permeating  salt   to  the  P^*^^^^:::^ 
iv'w;;.'!   "ae  oiembrane  of  the  fluid  in  which  it  is  dissolved  isk^^ 
:-     ^  Osmotic  Pressure  and  varies  with  the  number  of  molecules    ^y — 
.ii>    -*•*■  \}\m>:y  isS).     When  both  the  salts  in  solution  on  the  opp^^^»»*^ 
-^'A^s-    i     iif   iiembrane  are  unable  to  i>enetrate  thwugh  it,  thema^^^^ 
■it-u    i'  'tiv  *luid  is  determined  by  the  relative  osmotic  pressure oa  ^ 
*%..-   -4^t«:^   -.vacer  tending  to  pass   from  the  solution  with  the  W^^ 
>^i'  ii«:  nvssure  i  the  hypotonic  solution)  to  that  with  the  higher  {hyfer' 
utcii  au  e«iuilibrium  is  established  by  the  osmotic  pressure  be- 
oiuui.;  vfiual  on  the  two  sides,  when  the  solutions  are  said  to  be  isotonic, 
v.>  I  ^fiitral  rule,  however,  membranes  are  partially  jK?rmeable  to  both 
>oi>,  lad   rhe   movement  of  the  fluid   is  determined  by  the  relative 
xoiolu-   -.Hv^sure  of  the  fluids  divided   by  the  rate  at  which  the  salts 
K»c<-    Mit»ai:li   the  membrane.     If  sufficient  time  is  allowed  to  elapse, 
ik     *>i>  -<»iutious  will  become  identical  in  composition,  but  during  a 
-ji  »i    kihkI,  the  details  of  the  process  are  difficult  to  follow,  and  the 
...n^iicv'tv    is  iutinitely  greater  when  instead  of  a  single  salt  on  each 
>4vio    1     iio  luombrane  there  are  several  sjilts  each  differing  in  its  per- 
uia,.»iii:>  :uid  ^\>n^vnt ration.     The  direction  of  the  flow  is  then  deter- 
a».uvi    >\  :lu»  sum  of  the  osmotic  pressure  on  each  side  divided  by  the 
H.tu  a.4iui^  |K»wer  of  each  individual  substance. 

'n  tK*  Aiiiitial  iKxly  such  membranes  as  are  used  in  physical  experi- 
uv.uN  iiv  iK»t  met  with,  but  the  cells  consist  of  colloid  substances  con- 
iuiuu^;  luid  and  diffusible  bodies,  and  are  surrounded  by  liquids  which 
*,c  »4:uiKaIly  salt  solutions  isotonic  with  the  contents  of  the  cells; 
»»i.  '.iaaj;e  iu  the  ct>ntents  of  the  cell  or  in  the  lymph  surrounding  it 
u«.x»  »^  •uw'ssity  give  rise  to  a  certain  movement  of  the  fluids  in  the 
v^uiv  k,i>  tx  if  each  cell  were  surrounded  by  a  membrane.  All  the 
v».x  *  'W  IhkIv  an*  iKTmeal)le  by  water,  and  a  dilution  of  the  fluids 
>^.»cx*adwiftj  thorn  is  therefore  followed  by  an  increase  in  their  fluid 
vv^vu^x  uul  swelling.  On  the  other  hand,  some  salts  seem  to  diffuse 
a..w  v**N  iKsu'cically  without  resistance,  while  others  fail  altogether  to 
.>j  v^  '*  ;v*K»trute  only  very  slowly.  The  subject  has  been  investi- 
^**j<kv  •  ^^  »»^»«^l  ^'i^*^*  "^  ^'^^  ^^'^^  l>lo(>(l  cells,  which  are  found  to  be  pene- 
«,^Hs.  ^.^  .iiumonium  chloride  and  some  other  salts,  while  they  are 
4«^vKMiN«i^^^v  by   sHHlium  chloride   and   the  other  salts  of  the  fixed 
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_  rdingly,  when  the  red  blood  cells  are  surroimcled  by  a 

(f  ammoalum  chlorklej  wluitever  its  coiicentmti(jn,  tlieir  fluid 
\re  increased ;  they  swell  up  and  eventually  lone  tlieir  hierao- 
CACtly  as  if  they  had  been  placed  in  pure  water.  \Vheji 
placed  ill  an  isotonic  solution  of  chloride  of  sodium/  they 
changed  in  size,  while  in  a  bypertunic  solution  their  tin  id  dif- 
and  they  shrink;  a  hypotonic  solutirm  acts  like  pure  water, 
ic  pressure  of  the  salts  in  tlie  corpuscles  overcoming  the 
imatic  pressure  of  the  surrounding  Hnid.  The  behavior  of 
ards  salts  therefoi^e  varies  with  each  individual  salt.  8olu« 
hose  by  which  it  is  |K"rfectly  penncable  have  the  siinie  ef- 
ire  water ;  but  the  less  diifusiblc  ihe  salt,  the  more  tenth^ncy 
irevent  the  entrance  of  the  water  in  which  it  is  dissolved,  and 
sient  concentration,  to  withdraw  fluid  from  the  cell.  A  pcr- 
fuaible  substance  can  never  pre%'ent  the  entrance  of  fluid, 
sonoentrated  be  its  solution. 

i  cells  of  the  body  do  not  resemble  each  other  in  their  per* 
,  nor  in  the  salts  w^hich  diifnse  into  them.     For  example,  the 

epithelium  tiikes  up  some  of  the  salts  uf  the  alkalies,  while 
lood  cTeils  do  not, 

eo  more  obscure  relation  between  the  salts  and  colloids  has 
lovered  by  Hofmeister,  who  found  that  gelatin  plates  thrown 
c  salt  sidutions  absorb  more  fluid  than  when  they  are  put  in 

wat€»r^  and  who  infcrre^^l  from  this  tfiat  rnllnid  substances 
pecial  affinity  for  salts  quite  apart  from  tlicir  permeability  by 
I J  that  they  are  not  merely  passively  permeated  by  sdt  solu- 
it  have  an  active  attraction  for  some  of  the  salts  contained  in 
This  affinity,  which  may  depend  on  the  same  factor  jls  the 
ility  of  the  cellj  varies  for  ditfercnt  salts. 

le  played  by  the  physical  forces  in  tht*  salt-action  is  thus  determined 
by  the  physical  properties  of  the  iUiiiJs,  but  also  l>y  the  *'  a(!iuily  " 
II  conteDts  for  errtuin  of  tho  cuustitui*uts  of  these  fluids,  lu  eoii- 
t  may  be  stated  tliat  oue  st-hool  of  physioiogists  holds  that  these 
ibroes  suffice  t-o  explain  nut  uiily  the  i*iilt-iu'tion,  hut  the  whole 
I  of  absorplioa  and  excretion,  while  another  S€hool  tenches  that  the 
forces  merely  inHueDco  the  proces^se^s  of  nutrition,  which  depend 
I  hitherto  unexplaiaed  ami  possibly  exereined  only  by  the  living 
im. 

metrating  power  of  i^alts  seems  to  be  connected  with  the  property 
any  of  the  o  po3.^e>is  of  precipitating  cerUiin  colloid  '^ubstaneef^  from 
ution>4  in  wiiten  for  those  stilts  which  permeate  geliitin  jilnies  are 
precipitate  eolh>ids  less  tlmn  others.  Thus  tlie  sulphates  oflhe  alka- 
ch  peruieate  gelatin  platt\s  with  iliffieiilty,  throw  fr^ohidins  out  of 
much  more  rearlily  than  the  chlorides.  Here  a^dn,  however, 
colloids  vary  in  their  jiffinities,  some  reaeting  t<i  one  suijihiite  and 
lother.  This  reaetion  is  luit  confined  to  the  proteids  but  extends  to 
rbohydrate  colloid  sulistuiiees. 

e  dilute  solutions  fount]  in  the  tissues,  the  salts  do  not  exist  as 

atonic  solution  is  liere  uited  to  inflicnle  a  swiilutioQ  in  wlnt-h  tlie  OHinntic  pressure 
9  that  of  the  blood  serum,  and  (presuiuablv )  to  that  of  the  contents  of  the  reri 
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sucli,  but  are  largely  disgociated  into  two  or  more  Ions  cliargi?d  ^ 
positive  and  negative  eleetricity.  Thus  if  a  small  quantity  of  j 
chloride  l>e  dissolved  in  water^  it  is  dissociated  into  a  positive  Kl 
(Kation)  and  a  negative  CI  ion  (An ion) J  Similarly  S4>ciium  Rilji 
dissolved  in  water  exists  as  two  Na  ions  and  a  negtitive  80^  ion. 
effect  of  til  is  is  that  the  osmotie  pressure  of  sueh  a  dilute  «olu 
diverges  considerably  fixim  what  migljt  be  ex[ieeted  if  it  were 
lated  from  the  numlK^r  of  iiioleeules  present,  because  each  of  the  i 
exerts  the  same  osmotic  pressJiire  as  a  whole  molecule.  But  a  moT^\ 
portant  fact  h  that  the  ions  of  a  salt,  and  not  the  whole  molecule,  1 
chemical  combinations,  and  thus  exert  their  pharmacological 
Thus  what  is  known  as  the  action  of  many  jwisons  is  really  the  i 
nt^t  <if  the  molecule  iis  a  w^hole,  hut  uf  one  of  the  ions.  For  exao 
cyanide  of  |jotassium  is  said  to  possess  a  very  jioisonou^s  action  J 
this  is  due  not  to  the  molecule  KC\  as  such,  hut  to  the  CN 
which  forms  from  it  in  solution*  When  ferrocynnide  of  potasfiiofl 
dissolved  J  on  the  other  hand,  no  CX  ion  is  formed,  the  salt  dia 
iug  into  the  K  and  Fe  (CX)|,  ions,  and  ferrocyanide  of  |x>tasli  is  tbfl 
fore  entirely  devoid  of  the  cyanide  action.  In  the  ^ame  war 
corrosive  effects  of  potassium  or  sodium  hydrate  are  not  due  to 
|K)tassium  or  sodium,  but  to  the  hydroxyl  ions  (HO),  for  the  samel 
or  Na  ions  are  obtained  when  KC'l  or  NaCl  is  dis.^*lvecl,  but  neitl 
of  these  is  eorrtisive.  Thus  when  a  dissociable  body  is  admin bten 
not  one  J  but  two,  separate  agents  are  put  in  action  in  the  tissues^  i 
in  describing  the  effects  of  one  of  these  dissociable  bodies,  the  efffi 
of  each  ion  have  to  be  taken  into  consideration.  In  the  oipid 
materia  medica,  many  such  substances  occur,  but  in  the  great  majori 
of  them  the  action  of  one  ion  is  so  much  more  powertul  than  thati 
the  other  that  the  less  important  one  may  be  neglected,  Thus^  : 
phinc  sulphate  in  tlie  lx)dy  exists  as  a  morphine  aod  a  sulpliate  id 
but  the  action  of  morphine  is  so  much  the  more  |Kiwerful  that  the  suK 
phate  ion  may  be  left  out  of  account.  This  is  shown  by  the  fact  thit 
morphine  hydrochlorate,  which  is  dissociated  into  morphine  and  chl( 
ride  ions,  has  practically  the  same  action  as  morphine  sulphate, 
the  same  way  the  positive  ion  (Na,  K,  etc.)  of  the  cyanide*^  may  I 
neglected,  bt^^ause  the  negative  CN  ion  is  so  poisonotis  that  the 
tive  ion  can  never  be  present  in  the  tissues  in  sufficient  tptaatitvl 
elicit  any  action, 

Wlicu,  however,  less  poisonous  substances  are  involved,  thecasei 
quite  different.  Thus,  altliough  the  hydrobmmate  and  the  >ulp 
of  morjjhine  may  be  described  as  |Hmsessing  the  same  action,  l)mu^ 
the  morphiife  ion  alone  is  taken  into  account,  the  sulphate  and  hmiu- 
ide  of  potiissium  induce  quite  different  symptoms,'  because  here  larpr 

1  Thc*f4e  ions  arc*  not  to  be  cnnfuticKJ  with  atoms  of  |>otas$(iiiro  and  rhiorint  for  tif? 
possess  none  of  t  lie  chemical  pm  pert  its  of  these  elements  j  the  physical  diflepcnt-erLin' 
Pj8t9  in  each  if>n  beiiijyr  chargi^ft  vvith  a  Inirden  of  electricitj,  positive  or  negative 

*  Even  at  the  preiwnt  day  it  i."*  eometimw  a  matter  of  dUcuBsion  whetlier  the  bi»»/" 
the  acids  are  rhe  (ietermiiiing  fiictora  in  the  action  of  tlie  salt*  of  the  alknlitis.  T^ 
question  dcpendii  entirely  npon  which  Halts  iire  compared.     If  chloride  of  «Kiiam  *"^ 
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I.     SODIUM   CHLORIDE   AND   WATER. 

The  most  typical  example  of  ^It-action  h  pi'c\H(?nted  bv  chlo] 
sodium,  fur  this  salt  is  always  present  in  large  quantities  in  the 
and  ha*  practiciilly  no  specific  action  ;  tlie  sotlinm  and  chloride 
are  ordinary  and  necessary  constituents  of  the  fluids  of  the  body, 
action  of  this  salt  is  therefore  limited  to  the  alteration  in  the  phyi 
properties  of  the  fluids,  which  its   presence  in  excess  or  in  linii 
amount  inducer.     In  the  same  way  the  action  of  water  is  due  cml; 
its  diluting  Uie  bixly  flui<Is  ar»d  lessening  their  usrnotic  presjjure, 
It  may  therefore  be  descrited  along  with  that  of  salt. 

Most  of  the  tissues  hitherto  examined  in  regard   to  this  point 
proved  permejible  by  l]M»th  the  Na  and  the  CI  ions,  but  in  every 
there  i>  a  t*ertain  araniint  of  rt^sistance  offeree!  &o  that  the  present 
Siilt  in  the  fluid  ruund  a  cell  always  prevents  its  free  diffusion  into 
interior;  !,  e.,  sotlium  cliloride  solution  exerts  osmotic  pressure  on 
cell.     The  molecular  weight  of  aimmon  salt  being  small,  the  r 
clianges  induced   l>y  it   are  greater  than   thdse   induced    by  an  e<|l 
weiglit  of  most  ivther  suits,  l>eeaii»e  a  larger  number  of  moleeulef 
ist  in  each  gramme.     It  also  dissociates  into  its  two  ions  more  readily 
than  many  othei-s,  and  this  lends  it  still  grexiter  osmotic  power. 

A  oommnn  example  of  the  osmotic  action  of  salt  is  seen  in  its 
to  preserve  meats  frtim   putretaction,  which   it  aeconiplishes  by  w'tF 
drawing  the  fluids  of  the  meat,  and   thus  rendering  it  dry  and  had 
and  unsuitable  for  the  growth  of  microbes. 

In  the  same  way  the  Bed  Blood  Corpuscles  shrink  in  size  when  ihtf 
are  placed  in  a  solution  c*f  salt  whieh  is  stronger  than  the  bloo<l-plasiifll 
(hyjiertiniic),  InH-ause  the  water  i>  withdrawn  from  them.  In  dilut* 
{hy|K>touic)  solution,  on  the  utber  hand,  or  in  w^ater,  they  swell  up'*- 
cause  they  absorb  wnter,  while  in  solutions  of  the  same  osmotic  ff^ 
sure  as  the  plasma  (isotonic)  they  remain  unaltered  in  size,  flbefi 
water  is  al>sttrl>ed  into  the  corpuscles  siime  obscure  change  taki^  [>la<* 
in  them,  and  llie  haMuoglubin  diffuses  into  tlie  surrounding  Htjmd* 

Maecld  is  SffccttHl  in  n  simdar  \vsx\%  strong  salt  solutions  withdtn^"*!? 
fluiil  fmm  it,  while  weaker  ones  are  absorl>ed,  and  both  tend  todcstnif 
its  vitality  in  a  longi^r  or  shorter  time.  In  isotonic  salt  solutioin^ifl 
the  otl)ei^^pd,  muscle  preserves  its  irritability  for  many  Iuj«^ 
Stroqi^l^^Bfeltions  irritate  ex(Hised  Kenres  fnim  the  withdrunah^ 
t*    *'      ^^^^^btS|  and  on  the  other  hand^  dbtilled  water  i^  equi 
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chanj?es  are  uiuloybtcdly  due  to  the  hn perfect  permeubiliiy  of  the 
by  the  t^u ilium  and  ehioriile  ions,  and  a^  regai\ls  the  red  blood  voV' 
^^e%  it  U  didinitely  known  thiit  sail  penetrates  tbem  with  the  >,'reah'8t 
L5iiUy  if  at  all,  and  the  eluinge.s  ludueed  in  them  by  solutions  of  diHrrent 
^nt ration  and  Vjy  wat<*r  are  due  to  ihe  altenition  of  their  lluid  contents* 
ily.  [f  this  were  true  for  all  eells,  the  i.sotonie  s*«iution  would  preserve 
lem  in  a  normal  condition  until  they  slowly  periuhed  for  want  of  oxygen 
[\  from  exhaustion  of  their  reserve  of  food.  But  this  is  found  not  to  btj 
tie  c;vse,  for  muscle  sa-^pende  1  in  isotonic  solution  often  develops  a  more  or 
^rhythmical  derie;^  of  contractions,  while  the  frog's  heart  eciis^^s  to  beat 
'a  time  when  it  is  perfused  with  isotonic  salt  i*olutiou,  although  it  lui8 
ixhaiHted  it-Ji  euerj^y  eutirely.  Similai^ly  some  ova  and  lish  living  in  st'a 
er  die  if  they  are  put  in  a  solution  of  sodium  chloride  isoU)nie  with  sea. 
tdr  while  they  live  much  longer  in  distilled  water.  It  is  obvious  that  iu 
iu^tAQoea  no  change  in  the  distribution  of  the  tlutds  t*an  occur,  for  the 
ifQOtio  pre-^^uro  of  the  fluid  is  uuchauged.  In  other  words  the  death  of 
tll«9e  animals  in  pure  salt  solution  is  ihie  not  to  the  physical  action  of  the 
a&lt  (!kilt  a  *tion^  but  to  the  so  lium  iun  exercising  a  deleterious  elTect  on 
the  a^  This  deleterious  action  may  be  neutral j/ed  by  the  adilition  of  tmces 
of  saU^  of  C4ileiura  or  of  some  other  bivalent  clemeuts,  while  the  monovalent 
katioiis  have  no  such  autiirgoni-tic  elfectd  (Ijoeb).  In  the  natural  euvinm- 
meat  of  living  cell-*  both  so  liutn  and  calcium  are  present^  so  that  the  toxic 
effect  of  Ho<lium  (see  Calcium)  can  scarcely  be  observed  except  when  small 
Si  of  tissue  are  thoroughly  wiishe*!  wnth  Halt  solution  ;  as  far  a-«i  the 
tier  aoimals  are  concerned,  then,  salt  may  be  regarded  a.s  iudilterent  in 
and  a»  acting  only  through  changing  the  distribution  of  tlie  fluids. 
I  And  as  boloaic  solutions  have  no  c>smotic  action,  Ihey  are  entirely  inert. 

Water  or  very  dilute  milt  sohitioiiB  ponotrute  into  the  superficial  ci*lb 
lof  tin.'  Skin,  which  therefore  Ix'corac  swollen  ati(l  softoiieil.  Cotiwa- 
[iiuteil  solutions  on  the  other  hand  ratlier  tend  U*  ilraw  fltiiil  tVoni  the 
ce  eel  Is,  ami  this  along  witli  the  passuge  of  salt  into  thcni,  caiisi^s 
le  raiUl  irritation.  Neither  salt  nor  water  is  absorl)cd  into  the  cir- 
leulatitm  through  the  skin  in  mannmils.  A  much  greater  absorption 
[into  the  supcrrtcinl  tissues  ownrs  on  less  protct'ted  pjirLs,  sn(^h  an  the 
[oorue:if  which  l>ecomes  white  and  clotuled  wlien  stnmjj^  salt  sohitiotis 
I  are  applied  to  it.  Similarly,  either  pure  water  or  strong  salt  solution 
eaiise.^  considerable  pain  and  smarting  in  the  nasal  passa|^.'s^  or  in 
W)>umls,  from  the  disturbance  of  the  norinul  relation  of  *ydt  and  fluid 
LIQ  the  surface  cells.  Isotonic  solutions  on  the  other  liand  cause  no 
IfMitn* 

In  the  Montli  salt  has  a  characteristic  taste,  and  strong  solutions  act 

I M  astringents  here  and  in   tlie   tlmxit.      In   the  Stomach  its  action  is 

I  vary  much  like  that  on  other  mucous  metnbrjnes,  hyjKdonic  solutions 

eaustng  (^welling,  while  liy|jertontc  solutions  cause  a  withdmwal  of  fluid 

land  u  shrinking  of  the  cells.      This  withdrawal  of  fluid  and  ind)ibition 

of  aalt  may  set  up  stich  irritation  as  to  induce  vomiting.  ♦ 

Tht*  digestion  in  the  stomat'h  does  n(»t  always  s<x*m  to  be  improvetl 

by  flalt  in  the  fixxl,  for  own  small  <piantities  have  been  Hnnid  to  k*s^en 

(Acidity  of  the  gastric  juice,  atid  the  amount  of  albuminous  food  ah* 

►ed  frrmi  the  alimentary  canal  in  animaN  is  but  little  alten^d  when 

[ifldt  ta  addcil  to  the  fixxl.     It  is  very  jxjssible,  however,  that  a  small 

quail tity  of  sidt  in  the  fo^xl  renders  it  more  palatable  in  many  mstaiiees^ 
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and  thus  iDcreases  the  reflex  flow  of  the  gastric  juice,  (G)m|>are  Bittrf^Sj 
page  56.)  Dapper  finds  that  the  hydrochloric  acid  of  the  !?toiunch  b 
increased  in  some  personi^,  and  diminished  in  others  by  miueml  watm 
containing  coramon  salt  as  their  chief  ingredient.  This  is?  only  tok 
explained  by  supposing  that  these  waters  have  no  effect  on  the  secn^* 
tion  directly,  but  alter  it  by  changing  the  nutrition  of  the  gustnc 
mucous  membrane. 

iSalt  £^>lut)ou!^  are  Absorbed  l>nih  in  tlu^  stomach  and  bowel,  but  ctm- 
siderable  difference  <if  Mpinion  exists  as  to  the  means  by  which  this  is 
nccomplished.     An  attempt  lias  been  made  to  explain  ah^orption  by 
the  action  of  the  known  physical   pnieesses,  such  as  diffusion^  osmo^ii 
and  filtration,  biil  these  seem  quite  inadequate  without  the  assumption 
that  there  is  a  constant  tendency  for  fluids  and  for  some  salts  to  pass 
inwards  from  the  lumen  of  the  bowel  and  i^tomach.     This  tendency 
may  be  opposed  or  strengthened  by  the  osmotic  pressure.     Thus  hypo- 
tonic solntions  and  water  are  absorlKnl  rapidly,  Ijecause  here  not  only 
is  the  natural   flow   inwards^  but  the  osmotic  current  is  in  the  saiu** 
direction,  the   fluid   heint^  of  lower   osmotic   pressure  than   the  blood 
fienjm  ;    but  even   pure   water  appears  not  to  be  absorbed  from  the 
stomach  until  it  has  acqtiircfl  a  certain  content  of  salts  which  diffuse 
into  it  from  the  blood.     In  solutions  of  equal  osmotic  pressure  with 
the  blcKKJ  serum  the  absorption  is  slower,  because  here  the  natural  flow 
alone  is  active,  while  hy[>er  tonic  sn  hit  ions  are  still  more  slowly  absorljed 
or  may  even  be  increased  at  fii*st,  beeause  the  osmotic  pressure  acts  in 
the  opix>site  direction  from  the  natural  flow.     Acc^ordiugly,  while  hypo- 
tonic and  isotonic  solutions  disapf>ear  mpidly,  the  abg+irption  of  the 
stronger  solutions  may  Ix^  precetlid   \ix  a  perimj  in   which  the  fluid  of 
the  bowel  actually  incrmses,  water  *liffu«ing  into  it  from  the  bkxid. 
At  the  same  time  the  salt  is  being  absrjrbed,  and  the  solution  eventually 
becomes  isotonic,  and  is  alis^^rlwd.     The  absorption  from  the  bowel  iB 
very  similar  to  that  descril^ed  by  Ilofmeister  in  gelatine  plates,  and  it 
is  jH>ssible  that  the  uncx|)lained   tendency  tor  fluids  to  ptss  inwards 
may  Ix^  due  to  some  **  affinity  '*  between  the  salts  and  the  colloids  of 
the  Ijowel  walL 

The  Blood  and  Lymph  are  in  turn  affected  by  these  processes.  "When 
hypotonic  solutions  pass  into  the  blood  fnmi  the  bowel,  tlie  proportion 
of  solids  and  liquid  is  of  course  changed,  and  fewer  corpuscles  and  less 
solid  matter  are  found  in  the  cubic  millimetre  than  nornially  (hydra?- 
roia).  On  the  other  liand,  when  strong  salt  solutions  in  the  bowel 
cause  the  c^fftision  of  fluid,  the  blooil  k-wmes  more  concentrated  than 
in  onliiiary  c«uiditions.  After  the  reabsorption  of  tlie  fluid,  the  normal 
balance  of  plasma  and  corpuscles  must  be  restored,  and  to  effect  this 
euTf^ots  are  set  up  between  the  blood  and  the  fluid  <*f  the  surrounding 
ljnii|>k  These  curnrnts  have  been  investigated  by  the  injection  of  salt 
mhltians  directly  into  the  blood,  and  not  by  their  absorption  from  the 
kwttl»  but  the  processes  probably  resemble  each  otiicr  in  their  chief 
fiiiHiR6»  When  the  bloo<l  ts  rendered  hy|>ertonic  by  the  injection 
:  salt  sidution,  the  lymph  at  once  begins  to  pour  into  the  blood 
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bjroflinotlc  attraction,  and  this  leads  to  Iiydrtemia  ami  increased 
iptllary  pressure,  the  arterial  tension  remaining  imehaii^ed.  This 
igmentation  of  the  eapilhiry  pres:!^nre  in  turn  induces  a  flow  nf  lyrnph 
■«>m  tin*  l>hK>d  vessels  into  the  lymph  spaces. 

The  flow  of  lymph  from  the  blood  vessels  is  first,  therefore,  dimiii- 
lied  in  araount  by  tlie  presence  of  salt  in  the  intestine  and  bl^xtd^aml 
increfteed  agtiin  by  the  hi^h  capillary  pressure.      This  interchange 
reeci  the  blotKl  and   lynipli  is  continued,  because  as  the  salt  is  ex- 
ited by  the  kidneys  and  other  excretory  glands,  a  continual  varia- 
ion  in  the  osmotic  pressure  of  l)oth  bkiod  and  lympli  occurs. 

The  details  of  the  changes  between  tlie  blood  arul   lynipli  under  tl»e 
L'tion  of  salt  and  water  are  still  obscure,  but  there  is  no  (juestion  tliat 
fi©  abijorption  of  either  of  these  leads  to  an  augmentation  of  the  normjil 
cchange  of  these  fluids.      In  particular,  it  is  still  undecided  whether 
oeils  of  the  vessels  possess  a  secretory  function  similar  to  that  id* 
secretory  glands,  or  ^vhcther  the  whole  process  may  lie  attributcil 
to  variations  of  osmotic  pressure  and  filtration. 

The  changes  in  the  IjIoocI  and   lymph  arc  followed  by  an  increased 

etivity  of  the  Excretory  Organs.     Tli us  the  urine  '  is  much  augmented 

Iby  the  injection  of  sjih  solution  into  the  bloml,  less  so  by  the  absorption 

if  water  or  ^alt  solution  from  the  stoinaeh  luid  IxnveL      A  good  deal  i»f 

Idi^uission   has  l)een  carrietl  on  in  recent  years  as  to  the  cause  of  tlu! 

liureiaB    from   salts  and  waiter,   and  some  authorities  liold   that  the 

of  salt  in  excess  in  the  blotHl  stimulates  the  renal  cells  much 

in  the  same  way  as  caffeine.     But  a  more  plausible  explanation  is  that 

the    greater   volume   of  the   blood,   following   the   absorption   «tf    the 

fluid  and   the  increased  How  of  lymph,  results  in  an  increase  in  the 

capillary   pressure  in  the   glomerulus  and  this  in   turn    pnunotes  the 

€0oapc    of   fluid  into  the  (^apsnle;      A    more   rapid   flow   thnnigh    \\\i^ 

tubules  follows,  and  the  glomerular  secretion  lies  in  them  ft>r  a  sliorter 

^  time,  so  that  there  is  less  tendency  for  its  ciujstitucnts  to  be  reabsorbed 

ito  the  blood  vessels;  the  fluid  reaching  the  ureters  is  accordingly 

and  the  dissolved  salts  and  urea  are  also  augmented  ;  those 

which  in  ordinary  circumstances  are  absorlwHl  most  readily 

by  the  epithelium  of  tlie  tubules  art*  increased  more  than  the  others,  so 

that   the  chlorides,  and   the  potassium  aiid   sodium  of  the  urine  ri^e 

Imucli    more   than   the   urea,  phosphates  or  sulphates   even  when    the 

[diuresis  is  due  to  the  absorption  of  water.      Any  other  diflusibic  body 

linereases  the  urine  in  the  same  way  as  salt,  and  urea  has  therefore  l>een 

as  a  diuretic  ;  it  differs  from  sail  in  the  diffieulty  with  which 

absorbed  fn>m  the  tubides  of  the  kidney  and   this  further  retanls 

n  of  the  fluid,  so  that   urea  nuay  prolwibly  have  a   moi"e 

rpowerful  diuretic  action  than  s^HJiuni  chlnnMe. 

Other  secretions,  such  as  the  saliva,  are  increased  by  salt,  and  thia, 

*  The  following^  esplaoation  of  the  diiiresb  le  bnetcd  upon  the  theory  that  all  the  c<m- 
lfLitut!fiLei  of  the  urine  are  excreted  by  the  fflcimenilug,  ;imi  ihnt  ^niie'of  them,  nutaWy 
[much  of  the  lliiid  and  tho  nlkali  chlorides,  are  rt-abeoHKHt  in  jnu^ing  ihruugh  the 
llubolfvi.     Seie  Jmirn.  c»f  Physiol.,  xxvil, .  p  42J>» 
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not  only  by  a  reflex  from  the  moath,  bat  aldo  because  some  oi^" 
18  excreted  by  the  salivary  glands. 

Wheo  very  large  amounts  of  isotonic  salt  solution  are  tluo^ 
the  bloody  the  organism  may  have  difficulty  in  excreting  it 
enough,  and  the  tissues  are  therefore  found  to  be  swollen  and 
tous  in  some  parts  of  the  body. 

When  salt  solution  is  injected  into  the  serous  cavities  or  in^^^^^ 
lymph  spaces,  absorption  occurs  in  the  same  way  as  from  thealiase:^^  ^^ 
canal,  except  that  in  the  case  of  the  serous  cavities  osmosis  seeflO^^^^ 
play  a  greater,  and  the  other  forces  a  smaller  rdle,  than  in  the  stoif*^ 
and  intestine.  j 

The  administration  of  large  quantities  of  fluid,  either  as  water       ^ 
as  dilute  salt  solution,  might  be  expected  to  have  some  efiect  on  ^'^ 
general  Tissue  Change,  through  the  increased  movement  of  the  \ymp^ 
flushing  out   the  cells  and  leading  to  a  more  complete  removal  of  tl'^ 
waste  products.     As  a  matter  of  fact,  some  increase  in  the  mtroge^ 
and  sulphur  eliminated  in  the  urine  has  been  observed  under  thei»^ 
of  large  quantities  of  water,  but  it  is  impossible  to  estimate  at  present 
how  far  this  may  be  due  to  the  diuresis  alone  ;  in  any  case  the  increase 
is  not  by  any  means  so  large  as  is  often  believed,  as  it  only  amounts  to 
some  5  per  cent.,  or  less.     Any  salt  solution  causing  an  acceleration  in 
the  movement  of  the  fluids  of  the  body  must  tend  to  facilitate  die 
excretion   of  the  waste  products  in  the  same  way,  but  some  recent 
investigations  indicate  that  in  addition  salt  tends  to  lessen  the  proteid 
metabolism  through  acting  directly  on  the  cells  ;  this  action  is  so  slight, 
however,  that  the  resulting  fall  in  the  nitrogen  eliminated  is  concealed 
by  the  increase  caused   by  the  more  complete  flushing  and  diuresis. 
The  amount  of  proteids  and  fats  absorbed  from  the  alimentary  tract 
does  not  appear  to  be  altered  by  the  administration  of  large  amounts 
of  water  (Edsall). 

Strong  Halt  solutions  injected  into  animals  either  hypodermically  or  intra- 
venously sometimes  prove  fatal,  apparently  from  the  withdrawal  of  fluid 
from  the  central  nervous  system.  The  symptoms  in  mammals  are  increas- 
ing lassitude  and  weakness,  with  augmented  reflex  excitability,  tremors,  and 
finally  convulsions.  The  circulation  is  only  slightly  aflected  until  just  before 
death,  when  the  blood -pressure  falls  suddenly.  The  red  blood  cells  are 
found  to  be  much  shrunken,  and  according  to  Heinz,  form  thrombi  in  many 
vessels.  Haemorrhages  are  found  in  different  organs,  the  lungs  are  oedema- 
tous,  and  the  intestinal  mucous  membrane  is  swollen  and  congested. 

The  Salts  of  the  Urine  are  increased  by  diuresis  from  any  cause  as 
has  been  stated  ;  both  sodium  and  potassium  are  augmented  but  espe- 
cially the  sodium  which  is  present  in  larger  proportions  in  the  serum 
and  therefore  forms  a  larger  constituent  of  the  glomerular  secretion. 
This  increase  in  the  sodium  salts  is  of  course  particularly  marked  when 
diuresis  is  induced  by  common  salt,  but  when  potassium  salts  increase 
the  urine,  the  sodium  also  generally  predominates  in  it  and  this  would 
eventually  lead  to  the  loss  of  all  the  sodium  in  the  blood  of  herbivora, 
whose  food  contains  large  quantities  of  potassium  ;  but  after  a  certain 
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at  of  sodium  has  beeu  lost,  potassium  causes  no  further  excretioa 
ftt  the  tissues  apparently  protect  themselves  from  the  total  loss  of 
ACQ  chloride,  which  would  be  fatal  to  them. 

suites  that  in  both  man  and  aniniaKs  a  diet  lich  in  potaa«iiam  causes 
ppetite  for  common  siUt,  while  a  diet  whifh  does  not  rontiiin  nn  excess 
does  not  develop   this  desin*.      Thus    berbivorouii  animals  and 
Itural  peoples  seek  for  saltj    because  vegetable  foods  eon  tain    Iiirge 
itiesof  pota^ti^ium,  while  the  carnivora  and  the  hunting  peoples  require 
lit  and  often  have  a  disUiste  for  it,  owing  to  their  food  eonlaining  a  larger 
ive  proportion  of  soilinm  salt^s.     This  inj^tinctive  appetite  he  regards  as 
by  which  nature  protects  the  tissues  from  excessive  loss  of  sodiura. 
i  doubt  has  reecDtly  been  thrown  on  this  explanation  of  the  desire  for 
by  Lapieque,  who  discovered  situxe  African  races  living  on  vegetable  sub- 
alone,  and  using  the  ixshes  of  the  plants^  which  contain  more  potas* 
I  than  S(xlinra^  as  civilized  peoples  use  ordinary  salt.     He  holds,  there- 
,  that  salt  b  merely  of  value  as  a  tlavortng  agent. 

ipeutic  Uses.  —  Water  and  salt  are  rarely  or  never  prescri!>ed  as 
if  but  are  used  to  a  very  large  extent  in  medicine,  and  great  virtues 
been  aserilx^tl  to  them  in  a  number  of  patludugical  conditions, 
ey  are  used  for  tbeir  bx'al  action,  and  for  the  supposed  alterations 
ibsue-change  and  in  the  excretions  produced  by  them  after  tlieir 
oq^tion  into  the  blocxl.  Tti  general,  patients  are  sent  to  watering 
jibu5es  and  baths,  and  tlie  success  of  the  treatment  is  to  a  considerable 
tnkni  due  to  tlie  climatic  conditions,  the  change  in  the  habits  of  life, 
tiie  dietetic  treatment,  an<l  the  rest  from  everyday  oecnjtations.  At 
llie  same  time  the  drinking  of  large  tjuantitics  of  weak  salt  solutions, 
ttnti  the  constant  bathing  in  somewhat  irritating  fluids,  may  exercise  a 
tbi^rapeotic  action  in  many  cases,  and  may  at  any  rtite  aid  the  hygienic 
litions.  Whether  the  water  contains  salt  or  not,  it  must  be  reniem- 
that  in  bathing  the  action  is  a  purely  loc^il  one,  for  neither  the 
►  nor  the  water  is  absorbed.  The  slightly  irritant  effect  on  the  skin 
f^  however,  improve  its  circulation  and  nntritioUj  and  thereby  be 
cioiis  in  some  skin  diseases,  J3y  continued  use,  the  sensitiveness 
rf  the  skin  vessels  to  heat  and  cold  may  also  p>ssibly  l>e  deadened^ 
kmarkable  effects  on  the  tissue  change  have  been  alleged  to  be  pro- 
Med  by  bathing  in  stn>ng  salt  solutions,  owing  to  their  counter- 
tttitant  action.  For  exarn|de,  the  excretion  of  urea  and  the  oxidation 
a  the  body  are  often  said  to  bo  much  increased,  but  these  results  have 
■k  been  confirmed  after  further  ex|ierieuce<  Special  baths  are  very 
Wjoently  recomraendeHl  for  some  diseases,  but  it  ninst  be  remembered 
that  the  action  is  due  to  the  salt-action  ;  the  greater  the  eonceutration, 
we  greater  is  the  effect  on  t!ic  skin,  and  it  is  of  no  inifjortance  wliich 
^the  neutnd  salts  is  in  the  solution,  or  whether  small  traces  of  iron 
Dther  metals  are  present ;   alkaline  baths  are  more  stimulant  than 

diseases  of  the  stomach  tlie  drinking  of  large  quantities  of  water 

bf  weak  salt  solutions  may  also  be  beneficial.     The  action  is  similar 

bat  on  the  skin — a  mild  stimulation,  owing  to  the  swelling  up  of 

fIDore  superficial  cells  of  the  epithelium  and  the  increased  move- 
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ment  of  the  fluid  in  them  and  in  the  deeper  layers.  In  some  cases  of 
insomnia  hot  water  sometimes  causes  sleep,  probably  by  cansing  dila- 
tation of  the  gastric  vessels,  and  thereby  withdrawing  the  blood  from 
the  brain. 

In  many  diseases  in  which  the  symptoms  point  to  a  disorder  of  the 
metabolism,  water  and  salt  solutions  are  advised.  Thus  gout  and 
rheumatism  are  frequently  treated  by  sending  the  patients  to  watering 
places,  on  the  theory  that  the  tissues  are  washed  out  thoroughly,  and 
the  waste  products  thus  removed.  As  a  matter  of  fact,  the  more  recent 
work  in  this  direction  shows  that  large  quantities  of  water  and  dilute 
salt  solutions  have  little  or  no  effect  on  the  uric  acid  excretion,  which 
was  formerly  believed  to  be  much  diminished.  This  fact  does  not 
necessarily  involve  the  inference  that  the  treatment  is  erroneous,  for  it 
is  now  generally  recognized  that  gout  is  not  really  due  to  the  fiulore 
of  the  uric  acid  excretion.  Many  cases  are  unquestionably  benefited 
by  the  springs,  although  it  may  be  questioned  how  much  of  the 
improvement  is  due  to  the  water  taken,  and  how  much  of  it  ought  to 
be  ascribed  to  the  changed  conditions  of  life. 

The  bath  treatment  has  heen  recommended  for  numerous  diseases 
in  which  the  salt  and  water  could  not  possibly  have  any  beneficial 
action,  and  in  which  the  remedial  agent  is  the  climate,  and  perhaps  the 
faith  of  the  patient  in  the  water.  Belief  in  the  healing  power  of  cer- 
tain natural  waters  is  one  of  the  most  ancient  of  all  thanpeutie 
theories,  is  found  among  altogether  uncivilized  peoples,  and  has  been 
incorporated  in  many  religions.  It  is  not  to  be  wondered  at  that  in 
some  nervous  disorders  the  faith  of  the  patient  and  auto-suggestion 
perform  some  marvelous  "  cures.^* 

In  obesity  the  drinking  of  some  waters,  such  as  that  of  Kissingen 
and  Homburg,  has  been  advised.  These  waters  contain  from  0.2—1.4 
per  cent,  sodium  chloride.  This  can  scarcely  be  brought  into  agree- 
ment with  Oertel's  treatment  of  obesity  by  lessening  the  amount  of 
water  taken.  At  the  same  time  the  relation  between  obesity  and 
water  absorption  is  still  very  obscure,  for  while  Oertel's  treatment 
undoubtedly  lowers  the  weight  in  many  cases,  a  well-known  rule  in 
fattening  animals  is  to  reduce  their  water  consumption  to  a  minimum. 

Salt  in  solid  form  or  in  strong  solution  is  used  occasionally  as  an 
emetic  in  cases  of  emergency,  as  in  ]K)isoning,  and  generally  produces 
vomiting  rapidly,  owing  to  the  irritant  action  on  the  stomach.  In 
nitrate  of  silver  poisoning  it  arrests  the  corrosive  action  by  the  forma- 
tion of  the  insoluble  silver  chloride. 

Salt  solution  is  often  used  instead  of  water  in  enemata  and  possesses 
when  concentrated  an  irritant  action  on  the  bowel,  producing  peri- 
stalsis. Strong  solutions  are  sometimes  thrown  into  the  rectum  to 
destroy  round  worms. 

Isotonic  salt  solutions  (0.6-0.9  per  cent.)  are  often  admini^ered 
when  the  body  has  lost  much  fluid,  as  they  are  rapidly  absorbed  and 
are  devoid  of  irritant  action ;  thus  in  haemorrhage  these  solutions 
are  injected  subcutaneously,  intravenously,  or  per  rectum.     A  rapid 
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improvement  in  the  ciR^ulation  follows,  and  this  hus  given  rise  to  the 
erroDeous  ojiinion  that  8ucli  saline  infusionis  stimnlato  the  heart  directly 
as  well  us  by  the  mechanical  effect  of  the  increase  in  the  flnids  of  the 
body ;  this  theory  has  1ch:1  to  infusions  being  made  in  weakness  of 
the  heart  from  other  eanses  than  luenion'hage.  tSome  of  the  synip- 
Uitns  of  choleni  are  l>elieved  to  be  due  to  the  loss  of  fluid,  and  these 
arc  sni<l  to  be  relieved  by  the  injection  of  salt  soliition.^^  though  tlie 
mortality  does  not  seera  materially  altered.  Tlie  intravenous  and  sub- 
cutniions  injection  of  salt  tiolution  has  been  recommended  in  ureemia 
and  similar  intoxications,  with  the  idc^  of  washing  out  the  poisons 
thrr^ugh  the  kidneys  ;  the  same  results  can  utten  Im?  obtained  by  drink- 
iog  large  quantities  of  water.  There  is  still  some  nuestion  as  to  whetlu^r 
the  infusion  of  salt  solution  is  really  remedial  in  loss  of  blood,  and  the 
latent  investigator  of  the  matter,  Feis,  comes  to  the  eonclusiou  that  it 
i^  of  little  or  no  benetit*  The  hy|ii)derniie  injection  of  large  t|uantities 
of  isotonic  salt  solution  is  said  by  liiernacki  to  have  effects  which  only 
pass  off  in  some  G— 8  days  in  animals.  The  blood  was  at  first  much 
<liluted,  but  atterwards  bt'came  very  concentrated  and  after  a  few  days 
a  considerable  number  of  the  red  cells  were  found  in  a  state  of  disin- 
tegration»  and  the  li8emoglol>in  thus  li Iterated  was  distributed  through 
the  [dasma  until  it  was  finally  excreted  in  the  urine.  The  animals 
dill  not  seem  tt:>  suffer  frcun  the  treatment,  but  his  rt^sults  indicate  that 
the  injet^tion  of  large  quantities  of  salt  solutions  is  l>v  no  means  the 
harmless  proceeding  which  it  is  general ly  lielieved  to  be* 

Isotonic  salt  solutions  arc  used  in  surgery  to  wash  out  the  peritoneid 
ivity,  which  wouUl  be  injured  by  distilled  water. 
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Tbe  effects  of  potssHom  in  the  ^pfzaiiisB  cm  best  be  stii£ed  by  ai- 
miDbterii^  the  cUofide,  as  tbe  CI  mmi  i^  pncdcalh-  dertiid  of  iddn 
and  the  evmpcoaift  indnced  bj  pocasgic  cbLjckle  most  therefote  be  doe 
either  to  the  ^  sak-actioo  ^  or  to  the  pocassiiiBL  Tbe  alt-acdon  en 
be  di-cooDted  bj  comparing  tbe  sympcocns  witk  tbose  <»f  an  isoloiBe 
solution  of  sodinm  chloride,  and  vhen  this  k  done  h  is  Ibiuid  tint 
ffAassium  has  a  distinctly  poi^oooas  actioa,  which  k  dueflj  manifested 
in  depression  of  the  central  ncrroos  system  and  of  the  heart. 

In  tbe  frog  the  central  action  is  shc^vn  by  the  spootaDeoos  most- 
ments  becoming  weak  and  slowly  perfermed.  and  by  their  eompletelj 
disappearing  much  eariier  than  in  sodiom  chloride  experiments.  Ia 
mammals  the  chief  nervous  symptoms  are  great  mosnilar  weakness  and 
apathy.  The  respiration  becomes  rapid  and  labored,  probably  from 
the  anaemia  of  the  centres,  and  death  is  often  {receded  by  weak  as- 
phyxial  convulsions. 

The  depression  of  the  heart  is  shown  in  the  frog  by  weakness,  slow- 
neF^  and  irregularity  when  chloride  of  potassium  is  injected  sobcu- 
tarK:^ju>Iy,  but  is  more  clearly  demonstrated  by  the  rapid  &ilare  of  an 
exci.^fil  heart  when  a  diloride  of  potassium  solution  is  perfused  through 
it.  An  is'Honic  solution  of  common  salt  also  brings  the  heart  to  stand- 
still after  a  time,  but  potassic  chloride  acts  very  much  more  quickly, 
and,  in  fact,  the  former  may  restore  the  heart  beat  after  it  has  been 
8U>pfX--cl  by  pritassium,  which  proves  conclusively  that  the  latter  has  a 
HjMfcific  pTiisonous  action  in  addition  to  any  salt-action.  Ringer,  how- 
ever, found  that  the  beat  of  the  frc^*s  heart  perfused  with  a  solution 
of  c^imrnon  salt  was  not  so  satisfactory-  as  that  of  one  perfased  with 
the  harne  s/^lution  to  which  some  potassic  salt  had  been  added,  because, 
as  lia.*;  licen  already  mentioned,  the  proteids  of  the  heart  must  contain 
potassium,  and  when  this  Ls  substituted  by  sodium,  as  is  the  case  when 
there  is  no  [Kitassium  in  the  }>erfusion  fluid,  the  muscle  becomes  in- 
capable of  normal  contraction.     (See  Calcium.) 

The  mammalian  lieart  is  also  injured  by  the  action  of  potassium 
when  the  salt  is  administered  in  large  quantities,  as  is  shown  by  the 
pulse  Ix.'coming  much  slower  and  weaker  and  by  a  sudden  fall  of  blood- 
pressure  ;  an  acceleration  of  the  pulse  is  often  observed  at  first.  The 
poisonous  action  of  potash  on  the  heart  has  given  rise  to  exaggerated 
apprehensions  of  the  danger  of  using  its  salts  in  therapeutics,  and  it 
may  therefore  be  noted  that  potassium  has  practically  no  effect  cm  the 
heart  when  given  by  the  stomach,  and  that  very  much  larger  quantities 
of  potash  are  taken  daily  in  the  food  by  thousands  of  persons  than  are 
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preficribedin  medicine.     Bnnge  estimates  the  amount  of  potash  in 
fotKl  of  some  classes  at  50-100  groi^*  (1 J-^^  oz.)  {>er  day.     The 
Ogcnee  of  effects  from  the  potassiimi  ion  wlien  the  salts  are  taken  by 
e  mouth  Ls  due  to  their  rapiil  excretion  in  the  urine. 
The  failure  of  the  heart  is  the  eaiise  of  deatli  in  mammals  when 
taj^sium  salts  are  injected  into  a  vein,  the  respiration  and  the  reflexes 
ften  persisting  for  a  few  seconds  afterwards. 

rotassium  has  some  artiori  on  mtisrlf^  iu  the  frog,  the  contraction  seemiiig 
be  somewhat  greater  in  height,  though  sliorter  in  length,  and  there  being 
U'Ddeney  to  eontraclure.     Mosclt-  fxponed  in  a  solution  of  potiiRsic  cblo- 
Ide  dies  very  much  *MX»ner  than  in  an  isotonic  solution  of  t^odinm  chloride. 
Chloride  of  potash    has  alsro   &onie  depressant  aelion  on   the    pt'ripheral 
"TXt^s,  for  they  lo&e  their  irritahihty  raijidly  when  they  arc  exposed  to  its 
hitiona.     A  concentrated  solution  applied  to  an  exfrn^cd  nerve  causes  con- 
tjona  of  the  muscles  which  are  supplied    l>y  it,  hut  these  are  weaker 
id  last  a  much  shorter  time  tlniu  those  ehcited  hy  a  similar  solution  of 
CHilEiiou  salt-     This  is  explained  hy  the  depressant  action  of  the  fHitassium 
»posing  the  irritation  which  it  iuduct-s  through  its  salt*  act  ion.     This  efl'eet 
I  the  nerves  has  been  used  l>y  Poh!  to  explain  a  curkrus  observation  niado 
r  Xothnagel,  who  found  that  a  strou^^  solution  of  ehloncle  of  sodium  ap- 
ted  tn  the  peritoneal  surface  of  the  mbhit's  inte*»tiue»  eauM's  a  Unnil  eon- 
lion,  followed  by  an  upward  f>eristakic  wave,  while  a  similar  solution  of 
potaasium  salt  induces  only  local  contraction.      Pohl  supposes  that  in  the 
e  of  the  dodiuiu  salt  the  peristaltic  wave  \h  caused  by  nerve  «!tjniulati4)n, 
ite  the  potassium  depresses  the  nerve  so  much  that  it  is  unable  to  carry 
le  impulses^  and  the  coutraction  therefore  rcumins  Im^aU 
The  al»5f>riitton  of  potitssium  salts  is  followed    by  the  same  changes  In  the 
veiuent  of  the  fluids  of  the  bt»dy  as  have  lK*en  iiescrit>ed  in  the  case  of 
ium  chloride  {ynigQ  493).     This  gtMierally  resulls  in  diuresis  with  an  In- 
it)  the  ptitassium  and  the  sodium  and  chloride  iu  the  tirine.     It  18  often 
tliat  the  potassium  salts  imluce  a  more  marked  increa.se  in  the  urine 
thfise  of  so<lium,  but  this  is?  not  based  on  any  satisfactory  nieasureraents  ; 
other  statement  which  requires  conhrmation,  is  that  stnui^;  solutions  of  po- 
chloride  are  more  irritating  to  the  sttimach  and  also  in  Ihc  subcutane- 
ues,  than  those  of  st>f!ium  chloride ;  this  would  tuilieatc  that  potassium 
ipeeifte  irritant  action  afiart  from  its  salt  action,  which  ia  not  unlikely, 
igh  it  cannot  be  saiil  to  have  been  denionstnitcfl  Siitisfactorily  &9  yet. 
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Lithiunip  Caesium,  Rubidium. 

regard  to  the  action  of  the  rarer  alkalies,  Lithium,  Cassium  and  Rubid- 
t,^  ixmparatively  little  is  known.     They  seem  to  have  some  etTect  in  do- 

*Th«  Ml  ran'r  tuetalit  Yttriuia,  Erbium,  Bervlltom,  DidYtnium  and  Lftothanuin 

ijoehr  rvceivcd  examination  except  at  the  Imuds  of  Bninton  and  Cuh,  ami  are 

i  0f  laffleMnit  ini|)ortanre  to  retpnre  further  mention  hero. 
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pressing  the  spinal  cord  in  the  frog,  bat  it  is  uncertain  -whether  this  is,  I 
the  action  of  sodium  chloride,  merely  due  to  the  presence  of  large  quantil 
of  salts  in  the  body,  or  whether  they  have  a  specific  action  on  the  nerve  ce 
Lithium  seems  to  have  some  further  depressant  action  on  the  motor  nenr 
and  to  weaken  the  muscular  contraction.  It  acts  much  less  powerfully 
the  mammalian  heart  than  potassium,  but  has  some  eflect  in  weakening 
Its  chief  efiects  are  exercised  in  the  alimentary  tract,  for  gastro-enteritisai 
extravasations  of  blood  into  the  stomach  and  bowel  are  induced  by  its  m 
cutaneous  or  intravenous  injection  and  these  are  the  cause  of  death  in  & 
poisoning  in  animals.  Such  violent  effects  are  less  easily  elicited  by  the  a 
ministration  of  lithium  by  the  mouth,  though  vomiting  and  purging  have  bn 
caused  in  animals  by  this  method  also.  Some  of  the  lithium  is  excreted  in  tl 
bowel,  and  in  this  respect  this  metal  appears  to  form  a  contrast  to  potafiea 
and  sodium  and  to  resemble  rather  the  group  of  alkaline  earths. 

Rubidium  seems  to  act  on  the  frog^s  heart  in  the  Fame  way  as  potasBim 
while  caesium  is  less  poisonous,  and  differs  from  it  entirely  in  some  points  o 
detail.  In  their  action  on  striped  and  unstriped  muscular  tissue  they  sea 
to  stand  between  potassium  and  sodium.  Many  attempts  have  been  mai 
to  demonstrate  that  the  relative  toxicity  of  the  alkaline  metals  bears  son 
relation  to  their  atomic  weights,  and  in  many  instances  the  intensity  of  thdl 
action  certainly  seems  to  vary  according  to  these,  but  the  subject  is  notyel 
sufficiently  developed  to  admit  of  a  general  statement. 
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m.   AMMONIUM. 

,V  It  hough  ammoniuin  is  P<>t  a  metaK  its  behavior  in  the  body  resem- 
blos  in  many  i>oints  that  of  the  fixed  alkalies,  and  it  may  therefore 
U^st  Iv  stiulieii  along  with  them.  The  ordinary  solutions  of  ammonia, 
auil  tlio  pis  itsi^lf  are  possessed  of  powerful  irritant  properties,  and  its 
irt^noral  action  can  l>e  determined  only  by  the  examination  of  tha^eof 
its  salts  in  wliioh,  as  in  ammonium  chloride,  the  effects  of  the  anion 
oan  Ih^  noirUvtinl.  The  action  of  chloride  of  ammonium  is  due  to  the 
s|HHMtio  aotion  of  the  Ixise  and  to  the  salt-action. 

Action.  —  1  ts  most  striking  effect  is  the  stimulation  of  the  Cental 
Nervous  System,  whioh  is  induced  when  it  is  mjected  subcutaneously 
or  intra vonously.  Tlio  rofle.x  irritability  is  much  increased,  and  this 
n>ay  U»  iMlowod  by  tetanic  convulsions  both  in  frogs  and  mammals 
rhoNO  oouvulsions  jvrsist  after  division  of  the  cervical  spinal  cord  and 
\!i*^truotion  of  tlio  nuxlulla  oblongata  and  brain,  and  are  evidently 
rausod  by  ohatii^^  in  the  spinal  ct>r(l,  similar  to  those  met  with  J^ 
*»trN\*liiuut^  IHUMUiiusr.  Aiwnling  to  Yourinsky,  the  increased  refc^ 
au\l  I  ho  ^NMivulsion^  an^  prinHnleil  by  a  short  stage  of  depression  in  ^*^ 
rtN»v?  m\\\  \\\^\Mu  but  this  dopn'ssion  is  not  observed  when  the  parts  of 
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\e  ceDtral  nervous  system  above  the  oonl  are  destmyeil  in  tlie  fmg, 
>r  when  fhe  iH»rel>riira  i:^  remove<l  in  thf  pigeon.  He  holds  thiit  the 
[brain  is  first  .stininUited,  an<l  that  tliis  net  inn  inhibits  the  rettexcj?,  but 
I  thut  a^  the  ^tiniuUitiou  pusses  downwards,  the  spinal  eord  is  acted  e»ii 
in  turn  and  the  reflexes  are  exaggenited.  The  niednllary  ccnitres  are 
alsci  involved,  for  the  respiration  vt^ry  often  ceases  for  a  moment,  and 
then  becomes  very  much  act*clerated^  and  in  some  instances  deeper. 
The  cause  of  the  altered  breathing  is  a  stimnlatioo  of  the  respiratory 
csentre ;  the  preliminary  pause  is  attributwi  by  some  to  action  on  the 
vagus  ends  in  the  lungs,  but  this  h  denied  by  others,  and  it  seems 
,     piissible  that  it   is  due  to  excessive   stimulation  of  the   respiratory 

•  csentre. 
Thft  bWUpivasiw  riftey  from  oontmction  of  f  fie  ppripheml  arfprioles^ 
iiidiiec<n>v  stuntriaRon  of  the  vaso-motor  centre,  whileL-the  heart 


I 
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slowed  from  increased  activity  of  the  inhibitory  centre,  but  i.^ 
said  to  be  aooelerated  in  other  cases  ;  whether  this  arises  from  action 
on  the  cardiac  muscle  or  on  the  accelerator  centre  is  still  unknown. 

During;  the  convmlsions.  the  cu^spjratioa  is  iicrcsted  aud^tke^blood- 
P***3aff^^  IwvH^fTiff^fi  nYtrpm^.Jy  j^rli  If  lurgc  euough  quantities  be  in- 
jected, the  stimulation  is  followed  by  paralysis  of  tlie  central  nervous 
system  and  the  animal  dies  of  asphyxia,  liut  if  artificial  respiration  be 
cairriecl  on  it  recovers  rapidly^  from  the  salt  iieing  ciiangt^d  to  an  inac- 
tive sul»stance  in  the  tissues. 

In  the  frog  ammonium  chloride  tends  to  paralyze  the  terminations  of 
the  Hotor  Nerves,  but  little  or  no  such  action  is  met  with  in  mammals* 
This  marki^il  curara-like  aetion  dttfert^ntiates  the  amnumium  tetanu,^  of 
the  frog  from  that  seen  under  strychnitie,  as  the  spjisms  last  a  shorter 
time,  and  soon  become  weaker  from  the  impulses  fiiiling  to  rmch  the 
muscles  through  the  depressed  terminations.  The  Mascles  themselves 
art*  also  acted  on  by  animoi**um  in  much  the  same  way  as  bv  |x>tassium, 
nllhough  in  tlie  case  ui*  niun^oniuni  a  preliminary  stage  of  Hunewhat 
augmented  irritability  has  been  observe<l  by  si>me  investigators.  Am- 
monium chloride  is  genendly  credit(*d  with  acting  on  th<»  Secretioiis  of 
the  stomach  and  of  tlie  bronebiid  muccais  membrane,  which  it  is  siu<l 
to  rt^ndcr  more  tluid  ami  less  teiiataous,  and  at  the  same  time  to  increase 
co«flsidcnib!y.*  Xo  expianation  af  this  etfcet  on  the  mucous  settrction 
ban  been  offered,  and  ammonia  dws  not  seem  to  Iw  excreted  by  the 
intlgs,  nor  lias  it  been  found  in  tlie  bronchial  secretion. 

Ammonium  salts  penetrate  the  cells  of  tlie  limly  more  freely  than  the 
mltB  of  the  fixinl  alkalies.  For  this  reason  solutions  «»f  annnoniurn  chlo- 
ride are  absorbed  more  rapidly  tVom  the  stomach  and  intestine  than  those 
of  si>ciinm  or  |»otasstnni  chloride,  and  it  has  been  shown  that  they  j>erme- 
ate  the  blood  cells  with  still  greater  freedom.  In  fact,  solutions  of 
the  chloride  of  ammonia  meet  with  little  more  rt^sistance  in  er»tering 
the  n*d  bloofl  corpuscles  than  does  ibstilled  water*  If,  however,  am- 
monium be  ctHubimHl  with  a  non-jK^rmeating  ion,  it  fails  to  penetrate 

'  R(]^«hiich  states  thnt  ilie  injcc!i<»n  of  ilie  rlilnriilt*  into  ilic  vein  of  iin  iinimul  IdoeQ 
I  ibo  brtiiu*hial  9«i*retit»n. 
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Thus  the  sulphate  of  ammoaium  is  slightly  cathartic^  altho^ 
thaa  the  <*uiphates  of  the  fixed  alkalies,  and  it  also  fails 
the  rwl  tjlomi  uelL?.     (See  Saline  Cathartics.) 

When  amnion Limi  salts  are  taken  by  the  mouth,  they 
DO  tendency  to  oau^se  symptoms  from  either  the  central  nei 
or  the  heart.     No  case  is  known  in  which  convulsive  ai 
shown  ro  be  'lue  to  the  direct  action  on  the  central  nervo^ 
man.  and  it  is  verv  doubtful  whether  the  circulation  is  a: 


In  3ome  >.-ases  of  p«>isoning  with  ammonium  hydrate,  oonx?-- — ^^ 
oc>curred.  i)uc  these  seem  to  be  due  to  the  violent  local    »^ — ^^ 
Ltiusuc  alkali.      The  chloride  of  ammonium  may  induce  5.         ^ 
vomiciu&j:  when  taken  in  large  quantities  into  the  stomi 
tiirou^h  its  jcui>n  as  a  salt. 

.Vmmonium  is  changed  to  urea  in  the  body  and  is 
lonn  in  the  uryie.    This  transformation,  which  prol>ably 
the  liver  ohietly,  proceeds  very  rapidly,  so  that  considera 
vif  some  salts  may  be  injected  slowly  into  a  vein  without 
symptoms  whatever.     The  urea  in  the  urine  would  the 
i)e  inereasiH.1  by  ammonia  if  other  factors  were  not  in  vol 
matter  o(  fact  this  occurs  in  the  herbivora.    In  carnivoroii^ 
iu  man,  on  the  other  hand,  some  of  the  salts  of  ammonium  i 
cretiou  of  urea,  while  others  apparently  increase  the  amixi 
iho  urine.     Thus  the  carbonate  or  acetate  of  ammonium 
urea,  wliile  the  chloride  appears  to  be  excreted  unchanged  «^  ^__ 
ouce  in  the  Ixhavior  of  the  ammonium  salts  is  more  appa 
hi»wcvor.     As  a  matter  of  fact  the  ammonia  is  excreted  s 
ca^e,  but  the  acid  with  whicli  it  is  in  combination  may  co 
rlic  aist?  of  the  carbonate  no  acid  is  frewl,  and  the  same? 
aivuiie,  which  is  oxidized  to  the  c^irbonate  in  the  tissues- 
c\tr»  iiiva  is  tornun.!  from  ammonium  chloride,  hydrochlo 
cnitt.^1  ill  the  tissues  and  would  act  as  a  ix)ison,  were  it  not: 
iKK-e  by  :uuaK>nia  l>eing  formed  in  the  tissues  themselves, 
^.'ivtcd  by  the  urine  in  combination  with  this  freshly  forri: 
\^hile  iJiat  with  which  it  was  formerly  combined  appears=v     :s^ 
!oi'uia(i\»u  of  umnuuiia  in  the  tissues,  however,  withdraws    ^^i-^^cz 
\\WiA\  would  oi\Iinarily  have  formed  urea,  so  that  the  n*:;t:         .^r- 
liw   uvii  excretion  is  little  changed,  while  the  ammoaifc    o>t^ 
uiuii  incrciu^cvl.     The  carnivora  therefore  neutralize  tlic?        '^_ 
uid  witli  fivslily  formed  ammonia.     The  herbivora  on    "tlie^      < 
*wairAit/<e  it  with  fixed  alkali,  so  that  the  admJnistnitioim     o-^ 
uHuvx  iiK'ivupics  the  urea  excreted  by  them,  while  little     of  X7^>   ^^^ 
^Mft  ip>K'a:>i  in  the  urine;  at  the  same  time  fne  fixed     alkaZ/T?^    ^^^^ 
^iNvi    •-•iid  lo  lK\\»me  neutralized,  and  thij>  may  give     rise   to  set^^ 
>y^ii4i^iii<v      Siv  Ai'iils.) 

^^%;  ii^*K  «>  v»t\cn  increased  by  the  exhibition  of  aminomum  sa/^  ^^^ 
n<M  hN^^"*«     l^  '^  ^^*  l^*  noted  that,  while  the  alkaline  salta  ^^^he  g^w 

|t,^«f^ii«r  ^««Mk«  it''iv*«^''»tl\  <*>^'  hydrocliloric  acid  is  not  cxcrete<l   i  ^  ^"***  ^av  ^^^^ 


hiM  vsV^  \f>  Jis^N"*^'  '-»^'  avUiily  of  thf  gtistric  juice. 
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On  tlie  action  of  sobstitnted  ammonias. 

Brunion  and  OwA.     PhiL  Tnms.  Roy.  Sot,  1884,  L,  p.  Ifl7, 
Nebdthau,     Arch,  f,  eip.  Path.  u.  PharuL,  xxxvL,  p.  451. 

It  was  formerly  widely  belie v*^l  tliat   the  bromides  h^  do  ft 
actkni  than  the  chlorides,  and  that  any  effects  observed  from  [>ol 
bromide  were  due  to  the  potassium  ion,  the  bromide  ion  being  ij 
ferent.     There  is  now  no  question,  however,  that  the  bromides 
distinctive  effects,  for  tlie  bromides  of  p4)ta$sinm,  sodium,  lithium, 
other  metals  induce  changes  in  the  central   nervous  system,  which  an 
not  elicited  by  the  chlorides.     At  the  same  time  the  bromide  action  ii 
comparatively  Mcak,  and  the  basic  part  of  the  salt  has  therefore  con* 
dderable  influence  on  the  action. 

Symptoms,  —  The  bromide  of  potassium  is  the  siilt  most  gr 

ustH^l,  and  its  action  has  been  more  carefully  described  than  that    

other  bromides. 

In  the  Alimentary  Trwct  it  acts  in  the  same  way  as  the  chlori '    ' 
sodium,   pf>ssi»ssing   a    bitter   salt    taste   and   inducing  salivati< 
thii^t,  and  in  large  quautitics,  irritation  of  the  stomach,  nau^^t-a  awl 
vomiting.      Occasionally  diarrhoea  has  been  observed   from  concefl- 
trati^l  solutions  rejicliing  the  intestine. 

General  Symptoms.  —  Apart  fmm  these  results  of  local  ni' 
first  symptom  is  i^fteii  a  dull,  heavy  headache,  with  a  feclii-^ 
tude,  fatigue,  disinclination  tor  exertion,  mental  or  physical,  aud  often 
muscular  weakness.     Thought  is  slow  and  confused,  the  memory  is 
indistinct,  ideas  are  pot  iutu  words  with  difficulty  and   the  spi-ech  ia 
accordingly  slow  and  hesitating.     External  objects  and  movement?  are 
perceived,  but  arouse  no  interest  in  the  patient,  and  \erx  often  tim 
state  of  apathy  passes  into  drowsiness  and  sleep.     The  bromides,  {tof 
ever,  have  not  the  sleejiK*piu pelling  }3aw4^-4^  morpbi n^or  chloral^^ Boi 
t^iLsleep  is  never  very  deep  and   is  not  xclVeshing^  the   patient  ma6^ 
times  feeling  dull  and  unfit  for  exertion  after  it,  and  S4.irae  mental  OOB- 
fusion  often  j»ersisti ng  for  several  liours  ath?r  awaking.     The  r^SiSfi 
ar"  qtikIi  dtprr^MfTl   by  large  doses  of  bromide^  so  that  touching  tto 
back  of  the  throat  does  not  induce  nausea,  although  the  sensation 
touch   uiay  j>ersist.      The   mucous   membranes  of  the   genifo^urini 
tract  are  also  less  sensitive,  or  rather  their  irritation  is  less  liable 
set  U|i  reflex  movements.      After  very  large  doses  of  the  bromides 
ooujunctiva  may  soraetiraes  be  touched  without  causing  winking,  and 
k'sseueil  sensation  in  the  skin  has  been  noted  in  some  cases. 

The  pulse  is  stow  and  weak jdter  \iir^_  dost^s  and   die  respiiatipaj 
wlaQ  letM  f^tiv<>.     An  tn<areasc_in  the  urine  i^  often  observed. 

A^fiute  fatj^l  poisoning  with  bromides  has  seldom  or  never  occurtrf^ 
in  man,  but  after  AqprmnTi^  dosea "prolonged  sleep  or  stupor  has  beefl 
§et»n,  anil  confusion  and  apathy  lasting  for  several  days. 

When  bn»midc  is  given  re|>eatedly  in  large  doses,  a  series  of  sv^P" 
b  ot\en  induced  to  which  the  name  of  Bromism  has  been  applW* 


nay 

M 
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much  more  nipitlly  iii  same  persons  than  iji  othei-s,  mid  umy 
Idenly  apix^ar  after  tlie  piitient  has  been  taking  the  dni|i  for  months 
lit  any  un toward  results.  Tfie  wmmonest  syriipttnns  of  bmnii^ni 
erujAhn^  of  various  kinds,  very  often  eumnieneitig  as  aene  of 
In  gievere  cases  The  pnstnles  of  acne  may  coalesce  and  form 
s,  which  are  folk»wed  hy  nlecrs.  In  other  cases  the  pkin 
on  partakes  nither  of  the  nature  of  a  loeidizcd  Idiish  or  crytliema, 
letimes  copper-colored  blotches  have  been  obser%'etk  Some  ?/m- 
of  (Jie  dif/ej<ftoii  and  kiss  of  appetite  is  often  met  with  from  the 
action  of  large  qnantitiea  of  the  salt  on  the  stomach.  Affections 
re^^lraUwif  jMi^j^tf/fs  are  not  prodiiccil  so  often  by  the  bromides 
the  iodideSj  but  have  been  met  witli  and  consist  in  an  increased 
ion  of  mucus  by  the  l)ronehial  and  nasal  epitheltnin.  The  nmdal 
*onyt  are  merely  exaggcrati<jns  of  those  obser%'ed  after  one  large 
The  meniory  is  especially  defective,  sometiraei^  sadden  lapses 
rri nti^,  siiraetiraes  a  general  inability  to  remember  the  nitist  recent 
HntM  being  met  with.  The  patient  is  indifferent  la  his  snrronmlings, 
^akfl  ftlowly  and  stanimers,  mispronoudces  ordimiry  wonls,  or  misses 
pvem!  words  out  of  a  sentence.  Tlie  gaJt  is  nneertain  and  tremor 
JWd  accompanies  any  movement,  the  expression  of  the  fiice  is  stupitl 
I  "  ie,  and  the  eyes  are  heavy  mid  lat^k  lustre. 
1  iiiptoms  generally  disappear  on  the  withdrawal  of  the  drug, 

Kit  m  bis  reihiced  condition  the  patient  is  of  course  liable  to  fall  a 
Tfitim  to  infectious  disease,  and  in  a  number  of  cases  of  chronic 
►roraide  poisooiug  the  immediate  cause  of  death  has  l)een  an  attack 

Kn*nchitis  or  pnenmonia. 
ction.  — The  effects  of  the  bromides  on  animals  have  l)cen  the  sub- 
ect  of  a  large  number  of  researches,  but  these  have  not  l^een  attended 
jkh  succeiiis  in  most  cases,  because  the  investigators  have  almost 
ppays  used  the  bromide  of  pitassinm.  The  action  here  is  complicated 
y  the  pc)tassium_;iction  as  well  as  l>y  the  salt-act  ton.,  and  these  are 
Reu  sufficient  to  obscure  the  slight  depression  of  the  brain  which  is 
Ke  really  characteristic  effect  of  the  bromide  ion.     In  the  frog,  for 

Eile,  potassium  chloride  is  capable  *tf  inducing  depression  of  the 
I  nervous  system »  and  a  certain  amotuit  of  stupor  is  induced  by 
It  action  of  chloride  of  sodium.      The  slightly  greater  depression 

Jiduced  by  the  bromide  may  well  he  overlooked,  therefore,  anil  many 
ovestigators  have  concluded  tliat  the  bromide  ion  is  as  inactive  as  the 
dJoride.  The  typical  bromide  action  may  be  inductnl  with  greater 
'Wuesis  in  mammals  by  the  use  of  sodium  bromide  in  repeated  doses, 
w>d  in  dogB  symptoms  of  (lepres\sion  and  imj>eHect  <-oordi nation  have 
1^0  observed,  and  sometimes  stupor  and  ileath  from  failure  of  the 
^piratiom  The  most  characteristic  action,  however,  is  obtained  from 
«e  SKhuinistration  of  the  drug  to  patients,  as  the  affection  of  the  een- 
^l  uervoiis  system  is  so  slight  after  all  but  extreme  doses,  that  in 
^er  to   produce  distinct  symptoms  in  the  less  sensitive  brain  of  the 

',  quantities  must  Ije  used  which  entail  the  additional  complication 

need  bv  salt-action. 
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The  irritation  of  the  throat  and  stomach,  the  nausea,  vomiting,  and 
rarer  diarrhoea  must  be  attributed  for  the  most  part  to  the  action  of 
the  salt  in  withdrawing  fluid  from  the  mucous  membranes,  and  may 
be  avoided  by  the  use  of  dilute  solutions  and  by  thexr  administratioD 
when  the  stomach  is  full. 

The  depression  and  ftt^*^'^  ^^^^^  ^T"lfftl>inft  g*^  ^"^  *^  ^  dirprf^  gptmn 
on  the  Central  Narrous  System.  Albertoni  found  that  the  irritabiHtj 
of  the  motor  areas  of  the  dog's  bndn  was  very  distinctly  reduced  bj 
the  administration  of  bromides,  and  in  particular  that  a  stimulus  whidi 
normally  would  have  spread  over  a  wide  area  and  given  rise  to  an 
epileptiform  convulsion,  caused  only  localized  contractions  after  bro- 
mides,  while  convulsive  poisons  entirely  fidled  to  act.  Loewald  fonad 
some  psychical  processes,  such  as  those  involved  in  the  addition  of 
numbers,  uninfluenced  by  bromides,  while  a  series  of  figiunes  could  be 
loameil  by  rote  only  with  great  difficulty ;  he  therefore  considers  that 
the  action  is  limited  to  certain  definite  functions^^  The  reflexfia.are 
also  .reduced  v^ry  cons»d<>wih^y  by  bfwld^^  and  according  to  many 
i4)servers  this  occurs  in  the  6vig  before  the  spontaneous  movements 
cease.  This  is  explained  by  the  passage  of  impulses  fn>m  the  sensory 
to  the  motor  cells  of  the  cord  beii^  interrupted^  while  the  connection 
betwivu  the  c^rvbral  centres  and  the  motor  cells  of  the  cord  is  main- 
taiutxl  intact.  The  reflexes  in  man  are  prevented  or  retarded  also,  the 
mi^i  striking  instance  being  the  absence  of  reflex  nausea  when  the 
k^iok  of  the  throat  is  touched.  The  other  reflexes  are  also  reduced, 
es|»eoiaUy  tlKx^e  of  the  genital  organs^  tlK>»e  of  the  conjunctiva  being 
le>s  affected.  While  reflex  im^vements  cannoc  be  elicited,  the  sensa- 
ti\>u  otteu  rviuaiii^  unim|^iaired.  but  after  large  doses  a  in«>re  or  less 
i\>mpU*ie  au^iesthesia  i>  said  to  be  produced.  This  anssthesia  extends 
to  the  >kiu  wheu  wry  large  quantities  are  administered,  and  the  cuta- 
ne^Hi>  tKr\es  are  said  to  be  rendered  soofeewhat  less  acutely  sensitive, 
wheu  <^v>aiparitiv%?ly  small  d«.ises  are  taken. 

Th<'  4l»*prvy^^>p  ^"*^  ^^^  ^«n.^l  7%>ili^^^  ^i?Pu^^^\  bv  the  bmmulps  fien- 
ders  yfi>>^rtijt21lilL^I;*J-t*^  <rryohntn«>,  whu>h  induces  convnLaoiiEi  only  when 
givtfu  L-j  much  larger  v|uanticies  than  are  usually  necessary. 

lu  aJdkioQ  to  the  onHi^^-  iv rt*>xt>s.  '"^^_''tn*"?l  fr~^tiftfvi  iri^  d**- 
|jr^'?^\l  hv  the  bcuiuiiesw  Thus  the  respiration  becomes  ^Iowct',  and 
the  >*:\-.iaI  iustiiict>  are  depressed  or  entirely  suspended  in  many  cases. 
%Vhecher  the  latrtr  i:<  cai^?ed  by  action  on  the  spinal  coed  or  od  the 
ciTi*br:iI  v.vrte.\  is  uuknowu. 

Ihe  aotioa  oa  the  oericral  nervous  system  is  <^]f  r^  rh^  ^jrnmj^ 

oiiljy .  :iiL«l  ttjj't  to  r,he  h;i.>>>^  a^ttF]  wjiir*]  ^r  ^^  ,«^ifn^;n>*.?      Thus*  it  may  be 

elicicoi  bv  th.j  bnMiii».Je<  of  p*.^tassium.  -Hxiium,  lithium  or  ammonium, 

while  ::  is  u«»c  i:!«Juce<i  by  their  L'hji^rides.     At  the  same  time  it  seems 

pn.>r\iT^re  :nac  ivcas^ium   bnuiti»ie  aecs  m«'re  stn>ngly  than  the  others, 

beeuu><:    tile   bf.»iu:tie  aeti«M!   is  here   supplemented  by  the  depressant 

action  ..t*  tiie  bitn.'. 

•  W't rMiia  <«ct>  •itiic  :lie  Livr»,*?piiMQ  u'  stimuli  V  the  -wmw*  i*  acCiiallv  £aciliia£ed 
by  bnjiuiatr^  but  :iii>  >n'p%?»u>  :'.»  h;  ;i»v.«.>uipat:i)it  with  ini^^tirsii  clinical  expenenoe. 
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The  bromide  ion  la  not  very  poisonous  to  Nerve  and  Muscle,  but  it  is 
not  BO  nearly  indiflVrciit  to  tliom  as  the  chloride  ion,  allliough  no  effeots 
mk  elicited  unless  the  bromide  i^  applied  directly  to  the  exposed  mus- 
de  or  nerves. 

TTie  Cardiac  Effects,  when  present,  are  C4uis*xl  by  the  |K>tas*^ium  com- 
ponent only,  and  are  not  elicitCHl  by  the  bromides  of  n^idium  and  aiu- 
montum*  The  ve.sseb  of  the  pia  mater  are  often  found  eontraote<l  fn>rn 
the  action  of  bromides,  and  this  ha:*  btxm  snpjwsed  to  account  for  the 
depression.  It  L*  probable,  howev^er,  that  this  anmraia  of  the  brain  is 
analagoud  to  that  observed  in  sleep  and  it  may  therefore  \ye  the  result 
and  not  the  cause  of  the  dcpre^sision.  The  mental  disturbance  r^liservcd 
in  broraisra  is  so  nearly  related  to  that  seen  after  a  single  large  dose, 
that  it  is  unnecessiiry  to  enter  into  any  explanation  of  it  here. 

The  Skin  Eruptions  have  usually  been  attributixl  to  the  excretion  of 
bromide  thnjugh  the  cutancHjus  j^hiinls  and  seem  to  arise  in  the  great 
ntaj^irity  of  ca:?es  from  the  glands*  and  in  fact  generally  remain  t^iin- 
fined  to  them.  Bromide  has  been  found  in  the  acne  pustules^and  it  is 
quite  cvini^eivable  that  it  may  act  as  an  irritant  here,  especially  when 
the  Hcx'retion  becomes  acid  fnim  de<:N)mposition. 

The  Temperature  of  animals  is  often  said  tc*  be  reduced  by  the  bro- 
mide ;  this  may  be  explained  by  the  lessened  movement. 

Bxeretion,— The  bromides  are  rapidly  abs**rbed  by  the  raueon** 
menibntne.^,  and  8c>me  bmmide  r«-aeti*in  c^n  Im*  obtained  from  tliejiriqe 
m  few  minutes  after  they  have  reached  tlie  stomach,  hut  the  great  DDftai 
f  the  drug  is  vent'  slowly  excreted-  When  the  tnnitment  is  cuntiuueil, 
le  bromide  therefore  tends  to  ai^^uniulate  in  the  body,  but  tlie  pro- 
portion exen'ted  rke«  with  the  inert^'ase  of  the  salt  in  the  libKnl,  until 
an  equilibrium  is  reached^  exactly  as  much  bromide  apjiearing  in  the 
urine  tts  is  alisorbed  fn»m  the  stomach*  Tlie  excreti*>n  continue^s  after 
the  treatment  is  discontinued,  and  the  drug  is  found  in  the  urine  for 
one  or  two  tnonths  nfterwards*  When  the  body  is  thus  i^turated  with 
bromides,  some  of  the  chloride  combinations  are  rephic^Kl  by  them  ; 
lor  example,  Xencki  found  that  the  acid  set^reted  by  tlie  stomach  might 
^iMXitiiiti  more  hydrobromic  than  hydn>ehlorie  acid.  The  t?nlistituti<ui 
^mT  bromide  for  chloride  may  be  the  cause  of  some  of  the  symptoms  of 
^BiHQtsm  ;  one  conscquenci*  is  that  the  chlorides  releaised  from  their 
^^Hbiiiatioiifi,  are  excreted  in  much  larger  quantity  than  ustial  in  the 
arine.  The  nitrtigi^mMis  nietalKdism  d<>es  ix»t  seem  to  Ix*  affected,  but 
in  some  cases  a  eomiiderably  smaller  amount  of  phosphates  appeal^ 
in  ibe  uritie.  This  lias  l>e<Mi  supjmisihI  to  lie  related  to  the  action  of 
bromides  tn  leawntng  the  mental  activity,  but  is  not  by  any  means  a 
t  dTeoL 
The  bromidm  seem  to  be  distributee!  in  the  Ixxly  very  much  in  the 
proportioii  aa  the  chlorides,  bcnng  moHt  largely  found  in  the 


Kic 


blood  sertim,  while  the  brain  ami  spinal  corri  contain  them  in  oom- 
parativeljr  amall  pro|>ortion. 

Tbe  bromidei  are  excreted  mair^*'  *"  *^^'  »«»»,  ^ilt  *^Hifr*  ***mtp 
Ml  the  penrptrmltuii  and  milk,  and  sitnie  cases  of  bromism  in  chtldrpn 
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have  l>t*en  recoi'ded  as  due  to  their  absorbing  the  bromide  thu 
creted  bv  the  nurse.     In  chronic  ]K)isoning  the  breath  very  oil 
11  disagreeable  odor,  \vhi€h  haa  been  attributed  to  bromine  or  §oij 
its  volatile  organic  compounds  being  excreted  hy  the  lungs,  bat  i 
ing  is  known  with  eertahity  regarding  it.      Bromine  ha^  alfloj 
found  in  the  hair  after  the  prolongetl  use  of  bromides^  and  is  mf 
to  exist  in  organit*  combinations  here.     The  hydrobromic  acid 
into  the  stomach  iit  broiiiism  is  ]irnhably  all  reabsorbed  in  tht*  tate 

Bromide  of  Sodiiaiii  tliffei's  from  l>rumide  of  ]K>tassiuni  chiefly 
absence  of  any  changes  in  the  heart  or  in  the  muj^los  exposed  1 
solution,     The  ecntml  nervous  system  also  seems  somewhat  k 
presscnl,  because  tlie   potassium   in   itself  has  some  effect,  whiU 
s<Kjium  ion  is  indlfiereut. 

Bromide  of  Ammonium  owe«  most  of  its  action  to  the  hromidal 
unless  when  it  is  given  in  large  quantities,  when,  according  to  i 
obflervcrs,  the  convulsive  action  cluiracteristie  of  ammonium  is  i 
oped  it)  animals,     Smaller  doses  are  follo\vt"il  by  k'thargy  and 
ness  in  aniuralsj  anil  in  man  the  effects  are  pra^^tically  identical 
1 1  lose  y  f  sud  i  i  nu  1  j  ro  in  i  de . 

Litkiam  Bromide  has  not  been  so  largely  use<l  as  the  others,  tl 
it  is  said  U*  be  more  depressant  than  bromid<*  of  |>otassinm, 

Hy drobro mic  A cid  jxissesses  the  e  h a  ract c r i s t  i c  b nj m  i de  acti on  i 
absorption,  but  has  the  local  action  of  ati  acid  and  is  consequ 
more  irritant  than  the  other  nii'mbcrs  of  the  serit*s. 

StroEtium  and  Calcium  Bromides  seem  to  resemble  the  others  lo  I 
general  actinii  anil  are  said  tn  disturb  the  digestion  h^ss.     At  the! 
time  ealcium  and   strontium  salts  are  generally  absorbed  more  slotj] 
by  the  intestine  than  those  of  the  alkalies* 

Preparations, 

PoTARSfi  Bromidum  (U.  S,  R,  B.  p.)  (KBr).  1-4  G,  (15-60  grs.)- 
Soiui  Brumiih  M  (Ih  8,  P.,  B,  F,)  (NaBr),  1-4  G.  (15-00  grrs.), 
Ammonit  Btomithtm  (0.  S.  P.,  B.  P.)  (XH.Br),  1-2  it.  (15-30  gre.), 
Lithif  liromidum  (1.8.  P.)  (Li Br),  1-2  fJ,  (ITi^iO  grs.). 
Cah-ti  Bnmtiditm  (U,  8.  P.)  (CuBr,),  2-4  (r.  (3*M>0  gr^.). 
Simntii  Jiromidum  (U.  8.  P.)  (SrBFj),  2-4  G.  (30-60  grs.). 
Ackium  Ifjidrobromivum  Dihtittm  {U.  S.  P..  B»  P.)  cotitairis  eorapanidf! 
little  bnmiide,  as  it  is  only  a  10  per  eent.  solution  in  water,  ^o  that  »  p9M 
of  liruaiide  of  |iotasb  contains  as  much  broniitje  il«  about  7  grammes  of  1 
ililute  acid,     (>-12  c.c.  (A-3  fl.  dr>*.)  (B.  P.,  irMin  mins.). 

The  bronndo-ti  lire  all  colorless  erystalliiie  bodies  wi  I  bout  odor  but  will  I 
saline,  bitter  tasie,  and  are  very  !*tdublt'  in  wuter  Tbey  are  almost  al**)^ 
prescritjed  in  stdulion  and  ongbt  to  be  taken  dihitetl  with  ti  coasidt-niblf 
araonnt  of  wiiter  in  order  io  avoid  the  irritant  acUon  un  the  fetomiirh  Tlw 
l>refieription  nniy  be  flavored  with  syrnp  and  with  some  of  the  v* 
pref>a rat  ions.  The  lai'ge  doses  of  the  bromides  render  their  hypotl- 
jection  inadndssible,  as  eoneentrated  solntioas  provoke  i>am  aDd  iiTiliit^^"^  =" 
the  snlicutaiieons  tissnes. 

A  immber  of  other  bromide  romliinationf^  arc  nsed  in  tberapeiiticss,  f^^^j^ 
the  hydrobrojiiiite  of  qninine.  but  here  the  bromide  ion  is  pre.<^ent  in  ^^^ 
small  qnanlity  coinpared  with  the  alkabiid,  and  in  the  doi^es  used  in  ijj^ 
apeutics   has  ini  api>reeiable  effect.      In  monobroiuated  camphor  tbe  W»  , 
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It  in  a  difibrent  form  and  no  bromide  iou  In  libemted^  so  that 
the  metallic    bromides  cjiiiQot  bo  compared  with  it>      As  a 
Blatter  of  fiwrt,  the  bromine  iu  ibis  compound  i^eoms  to  havi'  little  or  no 


Tlierapeutic  Uses. ^  The  bromides  are  ased  chiefly  in  the  treatment 
ej»ile|M^T»  in  which  they  cannot  be  re|>hiced  l>v  any  other  drug,  and 
the  pni^nosis  of  which  has  been  entirely  changes!  since  llieir  introduc- 
tion* In  a  few  eases  the  bromide  treatment  is  said  to  cure  epilepsy  — 
the  attaclw  do  not  return  aft^r  the  treatment  is  slopped  —  but  this  i» 
Koeedingly  rare  ;  in  others  the  bromides  have  no  effect,  but  in  the 
_  »t  majority  of  cases  (tM)-<»r>  per  cvnt.)  the  number  of  attacks  is 
nnuch  «taaUer,  or  the  patient  may  l>e  entirely  free  from  them  as  hing  as 
■  ihe  trvjatmeat  is  persevered  with,  although  they  return  as  f?oou  as  it  is 
iven  up*  Very  often  no  improvement  is  observed  during  the  first 
few  diiys,  until  the  tissues  have  become  saturate<l  with  biTmiiile,  l>ut  in 
other  casi^  the  spasms  disappear  immLMJifitely,  The  l>romidt*  of  pitas- 
Slum  is  more  commonly  used  than  the  others,  and  the  general  impres- 
sion is  that  it  is  mi>re  e(ficieut  and  more  certain  in  it^s  effects^  but  some 
physicians  prefer  the  bromide  of  ammonium  or  of  lithium,  and  others 
still  pn»fi*r  a  mixture  of  two  l>romides.  In  severe  eiv^^^H  it  is  some- 
times  fouud  that  tlie  liromi*le  action  is  strengthened  l>y  the  addition  of 
Oftntiabis  indica,  opium  or  chloral,  although  the  last  two  are  to  be  used 
with  caution.  In  the  treatment  of  epilepsy  it  is  well  to  begin  with 
small  doses  and  to  increase  them  up  to  10  G,  per  day,  or  initil  the  de- 
sired effect  i^  attained,  <»r  some  conndication,  such  as  wiilespread  skin 
affections,  precludes  their  further  u,se. 

The  acne  is  very  oflen  a  tmuhle^ome  atMx>rapaniment  of  the  bromide 
•OlioQ,  arKTin  fact  may  prevent  tlie  use  of  this  valuable  drug  in  otlier- 
wiae  suitable  cases.  It  may  often  be  prevented  by  scrupulous  cleag- 
lifK^s  of  the  skin  and  frequently  yields  to  treatiueui_with  small  doses 
_^if  jirsei^ic. 

The  bromides  are  not  so  effective  in  other  affections  of  the  central 
nervous  system,  although  some  succiss  lias  attended  their  use  in  chorea^ 
in  tl»e  (^gyulsions  of  children,  and  in  some  forms  of  hysteria-  Th<*y 
bftva  also  been  usckI  in  tetaniis^nd  in  strychnine  poisoning,  bwt  an^ 
inferior  to  otlier  n»medies  such  as  chloral*  Neumlgui  is  sometimes 
improved  by  bromiilc  treatment,  es|>4x*ially  when  it  arises  from  worry, 
ixiety,  or  f»v*'rwork, 

X§  9<>p<>rilicai.  broiuidkii  uLii  n  iiil  » mir-dy,  or  induce?  such  depivssion 
ad  confusion  sub8e<iuently  as  to  preclude  their  use.  In  ilecple^ihness 
ri>ra  anxiety,  they  are  often  valuablr,  hdwever,  and  it  is  found  that 
dose  of  chloral  may  l>e  considerably  lessened,  if  it  is  prescribt^d 
with  broniifh-'s.  In  sleeplessness  from  pain,  bromide  is  of  little 
value. 
Bromides  have  l)een  used  with  go(xl  results  in^jea^sij^^asss,  in  the 
niokm^ss  of  pregnancy,  and,  it  is  said,  in  \tliOoptng-congh>  Bromide 
of  potash  WHS  formerly  given  internally  to  lessen  the  reflex  movements 
of  the  throat  and  thus  to  permit  of  laryngoscopic  manipulations,  and 
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it  was  also  applied  locallj  to  tbe  tbimt  for  this  purpose.     It  Las  ooir 
been  su{)erseded  by  the  local  ose  of  cocaine. 
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V.    IODIDES. 

Although  the  iodides  have  been  more  largely  used  in  medicine  than 
any  of  the  other  salts  of  the  alkalies,  their  mode  of  action  is  still 
wrapped  in  obscurity.  This  is  due  to  the  unsatisfact<NrT  state  of  the 
pathology  of  the  diseases  in  which  they  are  used,  to  the  fisict  that  the 
attention  of  investigators  has  been  drawn  to  the  symptoms  of  poison- 
ing rather  than  to  the  therapeutic  action,  and  also  to  the  fact  that  the 
effects  seem  to  vary  very  considerably  not  only  in  different  individuals, 
but  also  in  the  same  person  at  different  times. 

Symptoms.  —  Large  quantities  of  the  iodides  cause  irritation  of  the 
stomach  from  their  salt-action,  and  induce  nausea  and  vomiting,  more 
rarely  diarrhoea ;  but  these  symptoms  are  quite  distinct  from  those 
known  as  Jodiam,  which  may  arise  from  comparatively  small  quanti- 
ties, and  which  are  most  commonly  seen  when  the  remedy  has  been 
administered  repeatedly. 

The  commonest  symptom  of  ioc^'^*"  jj  ^♦^^rh  f^^  ♦^  ''^^T^^WT 
Passages,  more  especially  ot  the  nose,  which  betrays  itself  in  some 
swelling  and  discomfort  in  the  nasal  mucous  membrane,  in  a  profuse 
water}'  secretion,  and  in  sneezing.  The  catarrh  spreads  upwards  to 
the  ci^njunctiva,  which  often  becomes  swollen  and  congested,  and  to 
tbe  fn>ntal  sinuses,  where  it  induces  a  feeling  of  dulness  or  violent 
heiulache ;  it  also  progresses  down^-ards  to  the  tonsils,  which  become 
swollen  and  inflamed  in  some  cases.  Still  lower  it  occasionally  causes 
some  swelliiiir  and  oedema  or  small  ulcers  in  the  larynx,  and  has  thus 
i-ausetl  dyspnu^,  which  has  necessitated  tracheotomy,  or  very  rarely 
has  pnived  fatal.  Bronchitis  has  also  been  observed  in  man,  with  a 
profuse  wator\'  secretion,  and  in  animals  cedema  of  the  lungs  and 
pleuritic  eff*usion  •  have  been  produced  by  the  injection  of  iodides. 
Even  small  quantities  injected  intravenously  increase  the  mucus  se- 
creted by  tbe  bronchi. 

In  the  Mouth  iodisni  is  often  betrayed  bv  swelling  and  irritation  of  the 
throat  aud^  tonsjlsZand  by  salivation,  rarely  by  swelling  nf  ttM>  fialiyVy 
glands.     The  stomach  is  seldom  afl^ecl,  the  appetite  generally  remain* 
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good^  but  in  somt;  persons  ifxlides  induce  nausea  and  gastric  dis- 
Fft>mfort. 

S^^Eniptiong  of  different  forms  are  also  common  results  of  the 
[Administration  of  iodides,  but  are  less  liable  to  occur  in  the  beginning 
I  of  the  treatment  than  the  catarrh  of  th*'  rcspiratury  passages.  These 
I  eruptions  may  simulate  almost  all  known  skin  dist^ases,  but  the  most 
common  formic  are  erythematous  patclies,  or  papular  eruptions  which 
^may  pass  into  pustules  or  into  latter  inflamed  areas.  Eczema,  bulla?, 
iphigusp  ami  purpura  arise  less  frequently  from  the  use  of  ioilides. 
Xn  fto^me  cases,  a  more  or  less  defined  area  of  oedema  has  been  observed 
in  the  face. 
H  The  gecret^oq  of  Urine  is  generally  increased  by  the  administnition 
Bof  iodides,  as  of  other  salts  of  the  alkalies,  though  they  seem  to  have 
H  no  specific  action  on  the  kidneys.  In  ran^  cilscs  albuminuria  has  l>een 
^k^terved,  and  some  irritation  of  the  bladder,  urethni,  and  vagina  is 
^Plid  to  Irnve  l>een  induced  by  iodide  treatmeutj  but  lliese  statements 
pecj  aire  con  ^  vm  at  ion . 

kNot  infrequently  the  Pttlse  is  uccelerated,  though  this  is  not  CQiiatJint. 
The  Central  Nervous  System  seldom  seeti^^lii  lie  aftw»ti^^  hyTho  treat- 
n>t.  fn  rare  cases  paralysis,  tremors  and  various  disonlcrs  of  sen- 
ton«  such  as  localized  ana3sthesia  or  neuralgic  pains,  have  bi*en 
recorded,  but  it  seems  ojien  to  cjuestion  whether  tjiese  were  in  idl  caaea 

I  the  dinHtt  result  of  tlie  medication. 
A  slight  ris^  *)f  TftmneraturQ  has  al»o  occurrtHl,  often  apparently  from 
the  skin  affections  or  the  catarrh  ;  in  s»mie  doubtful  cases  apparently 
Drilhout  any  such  cause. 
IiOBS  of  Weight  has  been  noted  a  number  of  t|^mes  both  in  man  and 
animals.  This  is  seen  more  frequently  in  thyroid  disease  {g<iitrc)  than 
el^where,  and  in  these  cases  the  g«»itre  is  tiWvw  reduced  in  size.  It  is 
attll  disputed  whether  the  pmlongcd  iise  of  imlide^  lessens  the  sixe  of 
the  testicles  and  of  the  mammary  glands. 

In  some  rare  cil^'s  of  very  pn>longed  icxHsm,  a  Cachexia  ha.^  l>e<*n 

(observed,  with  great  loss  of  flesh,  weakness,  depression,  mental  cnn- 
ftision,i  n^.st lirssness  ami  aberrations  of  eensation.  These  did  not  disa{>- 
pear  at  onoe  when  tlie  treatment  was  discontinued,  as  the  ordinary 
symptoms  of  iixlism  do. 

In  many  instances,  email  dascs  of  imlide  may  lie  given  re[K?atetlly 

I  without  any  noticeable  disturbance,  but  in  others,  the  smallest  quantity 
(0,2  G.)  indiices  severe  p<iisi>ning,  S>m*»  «uthori(i«»s  eojisider  that 
thene  small  doses  are  more  liable  to  cause  iodism  than  larger  ones,  but 
thU  may  tie  iloubliMh  vl^  the  action  of  the  drug  is  so  capricious^  that 
the  statistics  of  diff«?rent  observers  show  grt^at  discre|>ancies^  even 
when  approximaiely  the  same  d*»se  has  lieen  given.  Thus,  Haslund, 
treating  patients  with  at  first  14  G.  (4d  gr*i.)  and  then  5  O,  (HO  grs.) 
daily,  (>l)aer\-ed  itMlism  in  only  12  pcT  cent,  of  his  case^  during  the  first 

^few  days,  while  others  have  found  iodism  induced  in  GO  |M*r  cent,  of 
tlidr  cii9e»  after  a  single  dose  of  3  G,  An  attempt  has  been  made  to 
explain  ihmm  disorepanciea  by  sup()osing  tliat  iodiam  id  only  producsed 
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by  impure  iodides,  but  this  is  not  correct,  for  it  has  been  obser\'ed  in 
numerous  cases  in  which  the  drug  was  absolutely  pure.  Among  other 
conditions  which  favor  the  onset  of  symptoms,  is  a  slow  excretion  of 
the  iodide  such  as  is  observed  in  some  forms  of  renal  irritation. 
Children  seem  less  liable  to  suffer  from  the  iodides  than  adults.  The 
dose  administered  has,  of  course,  some  relation  to  the  onset  of  symp- 
toms ;  thus,  very  large  doses  are  more  likely  to  induce  them  than  very 
small  ones,  but  it  seems  that  a  tolerance  is  soon  established  in  some 
cases,  for  after  iodism  has  been  induced,  and  the  daily  dose  lessened 
accordingly,  it  is  sometimes  found  that  it  may  be  gradually  increased 
until  a  quantity  considerably  greater  than  that  originally  given  may 
be  taken  with  impunity.  In  other  instances,  a  definite  quantity  may 
be  given  for  a  long  time  without  inducing  symptoms,  but  these  may  sud- 
denly set  in  without  any  apparent  change  in  the  treatment  and  without 
any  appreciable  cause.  Very  often  it  is  found  that  the  symptoms  dis- 
appear when  the  treatment  is  continued,  and  recovery  invariably  sets 
in  when  the  drug  is  abandoned.  The  iodides  all  induce  iodism,  the 
symptoms  being  apparently  unaffected  by  the  basic  ion,  but  the  iodide 
of  ammonium  is  said  to  be  more  liable  to  induce  them  than  the  others, 
owing  to  the  iodine  being  freed  from  it  more  easily.  The  symptoms 
are  seldom  dangerous,  but  a  few  cases  are  recorded  in  which  oedema 
of  the  larynx  resulted  and  proved  fatal,  and  in  others  death  was  attri- 
buted to  the  iodides,  but  the  exact  cause  was  not  ascertained. 

The  iodides  are  nnff  A^^'^Tt*^'*  frnm  watcrv  gnhitinns  applied  to  the 

fikjrij  h^it  ^^^f  rPpidly  tnkpn   up  by  all  thp  n^^ioon*^  mpmhrngj^g       When 

given  by  the  mouth  they  are  absorbed  unchanged  by  the  stomach  and 
intestine,  and  appear  in  the  secretions  within  a  few  minutes.     The 
greater  part  of  the  iodide  is  Excreted  in  the  urine,  jn  which  it  ap- 
pears as  salts.    Some  escapes  by  the  salivary  glands,  however,  and  small 
quantities  are  excreted  by  the  stomach  as  hydriodic  acid  and  some- 
times as  free  iodine ;    iodide  has  also  been  found  in  the  tears,  per- 
spiration, milk,  sebum,  and    in   the  secretion   of  the  nasal    mucous 
membranes.     No  iodine  can    be  detected    in  the   breath  of  animals 
poisoned  with  iodides.     After  treatment  with  iodide  of  potash,  iodine 
has  been  detected   in  the  hair,  milk,  muscles  and  heart  in  organic 
combination.    Iodides  are  much  more  rapidly  excreted  than  bromides, 
for  05-80  per  cent,  of  the  iodide  appears  in  the  urine  within  24  hours 
after  its  administration,  and  no  iodide  reaction  is  obtained  from  either 
urine  or  gastric  juice  a  week  after  the  treatment  has  ceased.     Ac- 
cording to  an  old  statement  of  Claude  Bernard,  the  saliva  contains 
traces  of  iodine  for  weeks  after  the  excretion  through  the  kidneys  has 
stopped.     It  has  been  stated  that  iodide  fails  to  pass  into  the  serous 
cavities  in  inflammatory  transudates,  but  this  seems  to  be  incorrect, 
although  the  starch  test  often  fails  here  from  the  presence  of  proteids. 
The   greater    part    of    the    iodide   administered    therefore    passes 
through  the  tissues  and  is  excreted  in  the  urine  in  the  form  of  salts. 
If  iodide  of  potassium  be  given,  as  is  generally  the  case,  some  inter- 
change between  it  and  the  salts  of  the  tissues  takes  place  and  iodide 
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Sum,  chloride  of  potash  autl  several  other  salts  are  formed,  and 
I  of  these  are  excreted  in  tlie  oriiie,     iScmie  of  the  iodide  iiiider^ocs 
rcimjM^iition  iu  the  body,  liowever,  and  the  free  iodine  thns  formc*d 
h  believed  to  be  the  cause  of  the  symptoms  of  itKlism.     This  tieeora po- 
sition of  iodides  iu  the  bxly  was  at  tirst  rather  inferred  froio  the  sim- 
ilarity of  the  symptonii^  with  those  induced  by  iotlitje  preimrations,  than 
frtym  the  actual  demonstnition  of  the  presence  of  itwiine  in  the  tissues, 
The  ordinary  iodiue  tests  fail   iu  albuminous  isohitions,  because  it  ap- 
p&Lm  to  exist  in  a  loose  combination  with  the  proteids,  but  free  iodine 
has  been  shown  to  be  excreted  into  the  stomach,  and  au  orujanic  com- 
pcmnd  of  imline  exists  iu  the  hair  and  iu  various  internal  organs  after 
iodide  treatment.      The  suceessful   treatment  *if  g(»itre  with  iodide  of 
potassium  is  also  a  strong  argument  in  favor  of  the   presence  of  free 
ifMline,  and  the  iodothyrin  of  the  thyroid  gland  has  l>een  shown  to  be 
increased   by  potassic  itMlide.     If  it  he  correct  that  the  iodiue  reaction 
<5an  be  obtained  from  the  saliva  for  weeks  after  the  treatment  has  been 
8tr>ppe4.1,  tills  would  also  suggest  that  siune  other  combination  than  the 
simple  salts  is  formed  iu  the  body^  for  it  is  unlikely  that  such  soluble 
bodies  as  the  ordinary  imlides  could  circulate  for  this  length  of  time 
and  escape  the  excretory  organs.    When  ii Kline  is  thus  liberated  in  the 
body,  it  does  not  circulate  as  suclu  but  at  once  combines  with  the  pro- 
teids. 

The  foroiatioti  of  free  iodine  from  iodides  (which  is^  of  course,  quite  dia- 
tinct  fh>m  tbeir  dissociiLtioii  intti  potassium  and  imlide  iouh)  has  been  ex- 
plsinsd  by  aeveral  theorien.  The  tir^t  of  these  iissumed  that  the  iodide  was 
daeomposed  by  the  carboiiie  acid  of  the  blood,  forming  hydriodic  aeid,  mid 
tbst  this  was  subsequently  oxidized  in  the  blomi  to  free  iodine.  Bin^  sup- 
posed that  the  decomposition  occurred  nit  her  it)  the  proto{i1usm  of  the  tl:)- 
8tie§,  niid  supported  lii^  statement  by  nn  ex)ieriment  in  whieh  an  iodide  isola- 
tion WR9  sntumted  with  carbuulc  acid  ami  liad  (dant  protoplu^siu  added  to  it^ 
after  which  it  gave  the  oniiuary  iodiue  reaetiou  with  starch.  The  objection 
hmm  been  raised  that  thid  experiment  sueeee<k  only  when  dying  protoplajsm 
is  il»«d,  unci  another  theory  ha,s  lieen  propfK^ud,  namely,  that  the  oxidation 
is  carri^l  on,  not  by  the  prot<jphisiu  itself  but  by  i^ome  unstable  snl)st«nees 
which  art?  excreted  by  living  mutter,  and  whieh  therefore  occur  on  the  mucous 
incrahmncfi,  lu  the  saliva  ami  ehsewhere.  The-ic  bodies  are  in  theiai^elve^ 
rt>daciug  agents^  but  in  the  pre-ienee  of  air,  a^  in  the  respinitory  passages, 
their  oxidation  \s  accompanied  by  the  rilx*nitJon  of  ** active  oxygen*'  which 
in  turn  oxidizer  the  iodides.  Another  explanation  which  has  been  given  for 
the  occurrence  of  free  iodine  is*  the  action  oT  nitrites,  whieh  der*ompose  iodide 
of  potasiium  in  the  presence  of  acid^.  If  these  nitrites  be  excreted  in  the 
saliva  thereforp,  aa  is  often  the  ease,  and  there  meet  with  iodides  in  an  acid 
medltlfD,  free  iu<line  is  formed  atid  some  irritation  arises.  It  has  been  stated 
peoeatly  thut  itHllsm  is  very  readily  elicited  in  patients  whose  saliva  contains 
Vfh  Hulpliocyanide,  and  that  the  occurrence  of  this  body  in  the  secretions 

'  the  respiratory  tract  is  responsible  for  the  manife^stations  of  irritation  in- 
~i  bv  imiide^.  Binz  has  found  that  some  microbes  are  capable  of  setting 
)  free  from  acid  solutionsi  of  the  iodiiies. 

Tmlioe  iii  Hiipposed  to  be  set  free  along  the  mucoo.s  oiembrane  of  the 

tory  passages  aTuI  in  thtM^in       -  !  in  this  way  the  coryisa  o£iJie 

hTf  anJ  the  eruptions  on  the  lat  t  \plaiuj?d._  It  must  be  noted 

UHline  hasliot  vef  been  clearly  demonstrated  in  either  of  tlu^e 
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surfaces^  and  that  the  theory  has  been  formulated  only  to  expli 
eymptoms  of  lodisra.     Iodides  have  been  found  in  the  nasal  eecp 
ealiva,  and  perspi ration j  but  no  free  iodine.     Some  of  the  other  gy 
toros  of  iodism  are  probably  due  t^  action  on  the  thyroid  gland; 
the  acceleration  of  the  heart  observed  in  some  cases,  the  loss  of  1 
resulting  from  their  prolonged  use  in  others,  and  the  reduction  ti] 
lize  of  goitres  may  all  be  explained  in  this  way.    (See  Thyroid  ExtP 

The  central  nervous  system  and  the  circulation  scarcely  seem  to  be  afTii 
by  iodides.     Very  large  quautitiea  of  potassic  iodide  injected  into  a  ve 
fouud  to  weaken  and  parulyze  the  heart  in  animals,  but  do  not  seem 
more  poiscmoiis  than  other  pot^ii<sinm  aalls,  and  depression  of  the 
nervous  system  may  also  be  elicited  in  the   same  way  by    the    poti 
action.     Biifbera  states  that  ver>'  lurge  quantitic*8  of  iodides  pamlyxej 
depressor  nerve  termination!?  in  the  medulla  oblongata  and  weaken  tb« 
ripheral  inbihitory  mechanism  of  the  hearty  while  Hunt  found  the  accc^ 
tor  fibres  lesw  easily  fatigued  after  iodide.     The   metabolism    of  the 
seems  little  aflVeted  by  iodidej?  in  mo«t  eases,  hut  a  furl  her  escamiiiatio 
the  excretions  of  patients  who  loi=e  weight  under  the  treatment  is  desir 
The  action  of  the  iodides  in  therapeutics  has  been  aj=icribed  by  someautl 
to  their  reudering  the  movement  of  the  leucocytes  (diapedesis)  more  ad 
but  no  siitisfactorj^  evidence  has  been  adduced  in  snpport  of  this.    Solnti 
of  iodide  of  sod  in  m   are   found  to  be  more  poisonous  to  musele,  cilia  \ 
unicellular  organisms   exposed  to  them    than    are  similar  solutions  of  { 
chloriiie  or  bromide,   so  that  the    iodide  iou  appeal's  to  be   more  fati ' 
protfjplasm  than  the  bromide  and  chloride  ion,  while  it  is  less  poison ou*»t 
the  ihi(U"ide.     In  the  frug  stiffness  and  awkwardness  in  the  movem^ntii 
elieitiul  by  eorapamtivcly  small  doses  of  iodide  of  sodium  and  theses 
toms  have  been  shown  t-o  be  due  to  rigor  mortis  occurring  in  the  musclea-J 

Preparations. 

PoTASBit  loDlDUM  (1^,  S,  P.,  B.  P.)  (KI),  04-1.3  G.  (2-20  grs.). 

Unguent um  Potamn  lodidi  {U.  iS.  P.,  B    P.). 
Linimentum  FotoAHii  lodidi  eum  Sapone  (B.  P.), 
Hijim  luhiDiM  (LL  S.  P.,  B.  P,)  (Xal),  0.U1.3  G,  (2^20  grs.). 
Ammonii  IwUdtim  (U.  8.  P.)  (NH,I),  OJ-l  G.  (2-15  grs.)- 
Strotdii  Jodklum  (U.  S.  P.)  (8ry,  0.3-1  G.  (5-15  grs.)- 
Stp^iiptw  Acidi  Hj/drivdici  (U.  S.  P.),  a  syrup  coutaiuiug  about  1  perc 
by  weight  of  hydriodic  acid.     4  ca%  (1  tl.  dr,)» 

The  iodides  form  colorless  crystals  when  pure,  a  yellowish  tint  indiaitiBf 
the  presence  of  free  iodine.  They  are  very  soluble  in  water^  less  so  in  uli*"* 
hoi,  and  are  always  preseribed  in  watery  solutions,  and  often  along  >vitii 
cai'bonates  of  soda  or  jHitash,  in  order  to  prevent  decomposition  as  far** 
possible.  The  iorlide  of  potash  is  the  one  most  frequently  useil  and  i^  1 
liable  to  contain  free  iodine  than  the  others,  but  iodide  of  soda  is  prffcrt 
by  some  ;  the  dose  often  has  to  be  much  increased  beyond  that  given  al'fl'^ 
The  iodide  of  ammornum  is  sidd  to  lie  more  liable  to  cause  skin  enii^tli 
and  dislurbanee  of  the  digestion  than  the  others.  Some  iodide  effect* ^Mf 
also  be  obtained  by  the  use  of  iodide  of  lead  or  mercury,  but  here  th^ 
are  com  plicated  by  the  action  of  the  metal,  and  these  wtll  be  di^u**" 
along  with  the  other  sidts  of  lead  and  mercury.  The  external  appliw^** 
of  iodides,  as  in  the  ointment  or  liniiaeat  of  potaesic  iodide,  is  not  ati<?o^'^ 
by  any  effect  local  or  general. 

Therapeatic  Uaes,  —  The  iodides  are  used  very  ejctensively  in 
treatment  o£>^tgtjary  syphilis,  in  which  they  have  proved  invalui 
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,ve  also  been  aclmitiisteretl  in  the  earlier  stages  of  the  diseasei 
,ve  proved  to  be  of  little  service  here.     In  syphilitic  bone  disease 
kloeis.  and  jo  the  ^uronaataof  the  brain  and  oiber  internal  origans, 
rer,  a  remarkable  iniprovemeDt  ver^  often  occurs  after  the  iodide 
sent  has  been  adopted.     Theiodide  of  potassiiira  or  of  sodium  is 
invariably  used,  and  is  given  in  as  large  doses  as  the  patient  cao 
^ often  up  to  5  (i.  (75  grs.)  daily.     In  the  beginning  of  tlie  tertiary 
atiODS,  the  iodide  is  often  prescribed  along  with  merenry,  and 
[combination  is  found   more  efficient  than  the  iodide  alone.     Xo 
lation  of  the   action  of  the  iodides  in  syphilis  has  been  given, 
agh   it  is   surmised   that  they  may  act  as  a  si>ecific  |>oison  (anti- 
c)  to  the  unknown  cause  of  the  disease.     It  is  suggested  by  some 
(Binz)  that  the  iodine  is  set  free  in  the  gumma  or  in  its  neigh- 
1,  as  in  the  saliva  and  on  the  skin,  but  this  is  pnre  speculation, 
l&iiinded  on  any  basis  of  fact* 

many  diseases  which   are  not  directly  attributable  to  syphilis, 

which  there  is  a  history  of  syphilis^  iodides  are  of  value  ;  thus, 

Jgia  and  other  nervous  disturbances  arc  often  relieved  by   them 

>ns  of  a  syphilitic  taint,  and  in  fact,  improvement  is  often  ob- 

in   the  most  diverse  conditions  in   persons  %vho   have  formerly 

j^red  from  this  complaint. 

'  iiother  series  of  symptoms  or  of  diseases  which  is  often  treated 
iodides,  is  rheumatism  in  its  various  maniiestations.  The  treat- 
Di  is  of  little  value  in  acute  rheumatism,  and  in  tact,  often  fails  in 
16  chronic  disease,  but  is  occasionaiiy  attended  with  improvement^ 
Ithough  the  exact  cmiditions  in  which  this  occurs  are  still  unknown. 
The  ii»rlidos  have  long  enjoyed  some  reputation  in  the  treatment  of 
;CKtre,  but  the  thyroid  extract  has  proved  much  superior  to  them  and 
>mtuis(-s  to  supplant  tlu^m  entirelyj  as  their  effects  art*  due  to  their 
ttticm  on  the  thyroid  secretion*     The  same  nuiy  be  said  regarding  their 

tin  ol>esity,  which  was  found  to  be  successful  in  some  cases,  pre- 
ibly  of  thyroid  insufficiency.  In  normal  persons  and  animals  it 
ten  found  that  iodi<les  rather  tend  to  increase  than  to  decrease  the 

^rae  gkin  eruptions  have  been  found  to  be  benefited  by  the  iodide 
■^tment  even  when  no  suspicion  of  syphilis  could  be  entertained. 
Cwnpare  thyroid  extract.) 

phe  success  attend in]^  the  treatment  of  goitre  with  iodides  seems  to 
ive  hnx-n  the  1  lasis  of  tlieir  use  ni  cases^i>f  enlarged  lym|ihatic  glands^ 
^fula,  and  lupus,  but  here  the  results  are  very  doubtful,  ak hough 
kie  authorities  allege  that  the  iodide  treatment  is  of  value.     There  is 

pneral  consensus  f>f  opinion  that  the  (dd  treatment  of  malignant 
IIDorj^,  such  as  cancer  and  sarcoma,  with  iodides  is  ho[>eless. 

These  salts  are  sometinu^s  cre*lited  with  pronu>ting  the  absorption  of 
■fmis  effusions,  but  here  again  it  seems  doulitful  if  their  reputation  is 
*frited.  The  same  may  be  said  of  their  use  to  aid  in  the  removal  of 
^rtrophy  of  connective  tissue  in   the  body,  as  in  the  variuns  fitrms 

sclerosis  and  cirrhosis  although  the  iodidi*«  are  still  very  widely 
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osad    in   arteriosclerosis.     Their   effect    in    removing   the  sy 
gtmuDa  was  evidently  the  origin  of  their  use  here,  but  while  iber 
tion  of  gummata  under  the  iodides  is  beyond  question,  the  evidenc?! 
improvement  in  arteriosclerosis  in  patients  free  from  syphilitic  tat 
not  80  decided,  and  in  fact  the  u^e  of  iodides  in  thiis  oondition  is  i 
demned  by  many  authorities.     Heinz  has  attempted  to  find  a  2 
bests  for  the  treatment  of  exudates  and  connective  tissue  hyj 
with  iodide!*,  and  suggests  that  the  vessel  walls  are  rendered  man 
meable  and  the  leucocytes  mure  active  by  these  salts,  but  fiiiU  to  1 
any  convincing  evidence  for  either  hypoihesis. 

At  one  time  aneurism  was  treated  with  large  doses  of  iodidi;^! 
improvement  was  undoubtedly  observed  in  some  cases,  in  whitli  1 
was  probably  a  syphilitic  taint ;  but  there  seems  no  reason  to  ^up 
that  the  iodides  have  any  special  action  on  the  v^sels  apart  fromt 
antisyphilitic  action. 

Iodides  are  often  prescribed  along  with  other  remedies  in  wp 
rant  mixtures,  the  object  being  to  render  the   bronchial  miitus  1 
watery  and  less  tenacious,  and  thus  to  facilitate  its  removal.     In  1 
cases  of  asthma  they   have  been  found  of  value,  perhaps  from  1 
same  action. 

Iodide  of  potassium  is  generally  prescribed  in  chronic  poisonitigf 
lead  or  mercury,  and  is  believed  to  hasten  the  elimination  of 
metals,  alUiongh  it  has  not  been  shown  that  it  is  of  more  value  I 
than  other  salts  such  as  the  chlorides  and  bromides.      The  behef  iull 
efficacy  of  the  iodides  in  mercury  poisoning  has  suggested  that 
act  in  tertiary  syphilis  only  by  aiding  in  the  elimination  of  thei 
cury  storc^l  in  the  tissues  from  the  treatment  of  the  earlier  stages,  1 
tills  is  incor recti  for  the  iodides  are  of  value  in  cases  of  tertian^  svi 
lis  HI  which  mercury  has  not  been  previously  used. 

Finally^  iodide  of  potassium  is  sometimes  added  to  other  dru^] 
cases  of  malingering,  or  in  which  it  is  su>^pected  that  the  patient  is! 
taking  the  remedy  as  directed.     If  the  iodide  is  swallowed  it  can  ! 
detected  in  the  urine  by  the  addition  of  a  few  drops  of  chlorine  water 
and  of  starch  solution,  which  assumes  the  well-known  blue  rolur. 

Iodides  have  to  1m?  used  with  care  in  cases  of  pulmonary  phtbisiN 
in  which  they  often  increase  tiie  eougii  and  expectoration,  and  in  ^^^ 
cases,  it  is  alleged,  cause  haemoptysis.  Children  have  sometinu^  titto 
found  to  suffer  with  iodism  from  being  nursed  by  a  perstm  under 
iodide  treatment 

lodis^ni  very  often  proves  a  disagreeable  accompaniment  of  tk 
treatment,  and  is  sometimes  so  severe  as  In  preclude  the  use  of  dw 
salts,  j^o  that  many  attempts  have  been  made  to  discover  some  expedi- 
ent by  which  these  sympttmis  may  be  avoided.  Ehrlieh  proptTted  tfe 
use  of  sulfanilic  acid  in  order  to  deeomi>ose  tlie  nitrites,  by  wliicb  ht 
supposed  that  the  iodide  was  deconipviseil  and  the  iodine  set  tW  in  ^^ 
respiratory  passages  ;  but  Lewin  has  shown  that  suHiinilie  acid  Jo^ 
not  combine  wltli  nitrites  in  tlie  hotly,  and  the  eliniciil  results  af  tkk 
treatment  have  not  been  very  encouraging.     Another  method  of  f^ 
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ittfig  liKlisra  IS  the  prescription  i>f  bicarbonate  of  soda  along  with 

iodide,  with   the  object  of  reuderiog  the  surface  of  the   mucous 

^rfibraties  more  alkaline,  and  thris    preventing  the  action  of  the  oi- 

*>n  the  iodides.     This  seems,  Hke  the  use  of  sulfanilic  acid,  suo- 

slul  iji  a  certain  numlier  of  cast?*?,  but  not  in  all. 

The  cutaneous  eruptions  are  said  to  be  less  liable  to  occur  when  the 

k  kept  scrupulously  cleau  by  frequent  bathing. 
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VI.    lODDJE. 

Iodine  possesses  a  local  irritant  action  similar  to,  though  less  intense 
I  that  of  chlorine  and  bromine.     It  is  much  less  volatile,  and  there- 
\  oomeg  into  contact  with  the  tissues  more  slowly  than  these,  but 
[the  cbemieal  cliange  is  analogous,  and  iodides  and  proteid  compounds 
I  result.^ 

AcUon.  —  When  ajiplieil  to  the  Skin,  it  dyes  it  a  yellow-brown  or 
dark  brown  color^  and  acts  as  an  irritant,  producing  a  sensation  of  heat 
[tiki  itching.  In  very  con  cent  rat  eil  solution  or  in  the  s<jtid  form,  it 
[iftiy  cause  blistering  or  even  corrosion,  but  it  acts  much  more  slowly 
fthan  most  other  irritants,  and  at  the  same  time  the  irritation  is  more 
jproloDged.  It  penetrates  into  the  deeper  layers  of  the  skin,  and  small 
[laantities  are  ahsorl^ed. 

The  Mucous  Membranes  are  more  strongly  affected  by  contact  with 
pt;  thus  when  its  vapor  is  inlialeJ  for  some  time,  smartirjg,  swelling 
iod  increased   secretion   is   caused   in   the   nasal    rancous   membrane, 
onjuDctiva,  throat  and   lower  respiratory  passages,  resembling  exactly 
I  symptoms  known  as  iodism.     In  the  stomach  small  quantities  may 

*  It  therefore  differs  entirely  from  the  itxlideii  and  the  other  salts,  an  far  iis  its  looil 
iction  in  concerned*  but  there  are  »o  many  points  of  eonneet ion  between  the  baluij^en 
_^  llie  «iltfi  that  it  ha.H  Ixien  foand  ooDTenient  to  insert  it  here     The  mine  remairk 
I  good  for  Che  next  aeritMi  ( Iodoform). 
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cause  slight  irritation  and  improved  appetite,  but  as  a  general  ruk 
nausea,  discorafoit  and  vomiting  follow  its  adoimistration  in  any  (?ave 
the  most  minute  doHes,  and  ui-casioimlly  diarrba?a  has  been  obsen-til 
after  it  from  irritation  uf  the  boweL  In  cases  of  poisoniog,  the  irri- 
tation of  tlie  alimentary  canal  may  prove  fatal  by  inducing  coUafi^ 
and  failure  of  the  heart  and  respi ratio!!,  and  iodine  may  be  reeogniad 
in  the  vomited  matter  and  in  the  gtook. 

Sohrtions  of  iodine  Injected  Subcutaneously  or  into  tumors  or  cysts, 
a  common  method  of  treatment  formerly,  cause  intense  pain  and  irri- 
tation which  may  induce  collapse  and  which  have  been  followed  io 
some  instances  by  su  pint  rat  i(m  and  gangrene. 

Iodine  is  Absorbed  in  the  iorm  of  iodides,  and  perhaps  in  a  combi- 
nation with  proteids,     Tlie  ordinary  ioilalhnminate  obtained  by  adding 
iodine  to  albumin »  is  a  very  hiose  compoiind,  and  is  easily  deer»m|x»f^d 
by  dialysis|  or  by  heating  it  to  the  coagulation  point  of  the  alhumin, 
when  the  iodine  is  obtained  fn^e  or  in  c(jm  hi  nation  with  alkalies.    Sev- 
eral stronger  and  m^rc  definite  compontids  have  been  formx<l  recently, 
and  it  is  not  impossible  that  the  iotlalbuininatc  formeci   in  tlie  pnxYAS 
of  ab,s<jrption  is  of  a  similar  nature.      In  combination  with  albumin, 
iodine  fails  to  give  the  starch  reaction,      It^  Fate  in  the  Body  is  pre- 
cisely similar  to  that  of  tlie  iodides^  —  it   is  excreted  in  the  form  of 
iodides,  chicHy  by  the  kidneys*  to  a  less  extent  in  the  saliva,  perspira- 
tion, milk,  and  Bcerctions  of  the  respiratory  passages.     It  also  occurs 
in  the  stomachy  into  wliich  it  apjiears  to  be  excreted  as  hydri^Tdic 
acid  ;  free  iodine  has  been  detected  here  in  both  man  and   animals, 
and  is   probably  fornRx^l  by  tlie  decomposition  of  the  acid.     In  the 
normal  organism  iodine  is  contained  in  considerable  quantity  in  the 
thyroid  gland  in  the  form  of  an  organic  compound,  iodothyrin,  and  in 
many  cases  the  administration  nf  iodine  leads  to  an  increase  in  the  for 
maticm  of  this  subs^tance^  perhaps  by  actually  stimulating  the  secretnry 
cells  of  the  thy  mid,  but  more  probably   by  affording  them  a   largei 
amouTit  of  a  ne<^ssary  constituent  of  their  secretion  than  is  contain 
in  ordinary  food. 

Small  quantities  of  iodine  may  be  given  internally  to  many  persoi 
without  eliciting  any  symptoms  except  those  wliich  aixi  clearly  due  to 
the  local  action.  Kepeated  diises,  however,  sometimes  cause  symp- 
toms resembling  those  observeil  after  iodides  (lodism),  altl*ough  these 
have  been  much  leas  often  induced  by  iodine,  which  is  comparatively 
seldom  administered  internally.  *s7i*/i}  aff^dtrms  seem  to  be  extremely 
rare  J  but  that  a  similar  action  on  the  skin  may  l>e  induced  by  iodine  | 
and  iodides,  is  shown  by  the  application  of  iodine  to  the  skin  being 
often  followed  by  eruptions,  which  arc  not  confined  to  the  point  of 
application  but  spread  over  the  skin  and  assume  the  form  of  diffuse 
erysipelatoid  rashes,  papules,  or  erythemata.  fW-tr  is  s^>id  to  occur 
occiisionally,  especially  in  goitrous  patients,  and  a  loss  of  flesh  has  been 
observ€»d  with  shrinking  in  size  of  the  thyroid  glantl  andj  it  is  said,  of 
the  mammiB  and  testicles.  The  pttim  is  often  accelerated  to  a  very 
considerable  extent,  and  in  cases  of  goitre  treated  for  some  time  by  the 
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and  local  admioistration  of  iodine,  a  oiirious  nervous  eonditian 

,  often  observed  forraerly.     The  patieob?  became  restless,  anxious 

irritable,  and  suffered  from  sleej>lessness  and  often  from  tremor, 

b^ich  5<>metimes  stimulated  chorea.     All  of  these  symptomis  except  the 

I  eruptions  and  the  atrophy  of  the  mamma  and  testis,  the  occurrenee 

"bich  under  iodine  recpnres  confirmation,  are  inthiced  by  large  quanti- 

^ thyroid  extract  also,  and  would  seem  to  be  due  to  the  excessive 

ion  of  iodothyrin. 

ition  of  the  tnfpiratoty  tixiet  is  seen  less  often  after  iwline  than 
the  iodides,  but  oedema  of  the  larynx  has  been  observed,  and  in 
cases  cough  and  the  expectoration  of  a  watery  secretion  tinged 
blood. 
Uuria  and  albuminuria  have  oceurred  in  a  few  instances, 

symptoms  induced  by  itxline  after  absorption  thus  resemble  in 

emi  features  those  fijilowiug  the  use  of  the  iodides,  but  while  the 

tend  to  cause  irritation  of  the  skin  and   respiratory  tnict,  pre- 

ftbly  throu|jh  liberating  iodine  lie  re,  the  chief  effects  of  indine  after 

orption  are  due  to  its  action  on  tlie  thyroid  glimd,  the  effects  on  the 

and  mucous  membnines  being  les8  prominent. 
The  effects  of  iodine  on  the  Metabolism  are  still  a  matter  of  dispute, 
oe  authors  finding  no  alteration,  while  otiiers  state  that  the  excretion 
area  is  increased.     They  probably  differ  in   different  individuals 

ling  to  the  condition  of  the  thyroid  gland. 
njec^ted  into  the  veins  of  animals,  iodine  causes  oedema  of  the  lungs, 
V.  ZeissI  considers  to  be  due  in  part  to  changes  in  the  left  ven- 
ule, in  part  a  contraction  of  the  |)uInionary  arterioles. 
The  muscles  of  the  frog  are  thrown  into  a  state  of  rigor  by  iodine  in 
fljK  same  way  as  liy  tlic  iodiiles. 

8ome  Gases  of  Poisoning  from  the  injection  of  large  «]uantities  of 
iodine  into  cysts  have  l>een  recorded.      In  Rose's  well-known  case,  the 
lief  symptoms  were  thirst,  c^onstant  vomiting,  the  vomited  matter 
ntaining  iodine,  cyanosis  and  coldness  of  the  skin,  a  small,  weak 
e,  anuria  and  skin  eruptions  after  a  few  days ;  and  death  occurred 
the  tenth   day.      In  sucli  Ciises  of  poisoning  in   man  the  mucous 
emhrane  of  the  stomach  and  intestine  has  Wen  found  swollen  and 
eaed,  and  in  animals  fatty  degeneration  of  the  liver,  heart  and 
pouey  has  been  described. 

I  Iixline  is  said  to  dissolve  the  red  liloud  corpuscles  when  it  is  brought 
ionntact  with  them  outside  the  body,  and  to  form  a  combination  with 
Qoglobin. 

Preparations. 

lodma  (T",  8.  P.,  B,  P.),  iodhie,  ii  heavy,  friable,  hluish-hlack  mass,  with 
*  •'haract eristic  odor  and  acTid  tiistf,  insoluble  m  water,  soluble  m  alcohol 
M  in  solutions  of  the  iodide.s  of  the  alkalies.     Iodine  itself  is  not  used  in 
l^erupeutics.     The  solutioafl  are  of  a  brown  color. 
mpru^ium  lodi  (V,  S,  P/),  7  per  ceat.,  0.1-0.4  c.c.  (2-^  mins.). 
W^ndura  fodi  (B.  P,),  2\  per  eent.,  2-5  mins, 

idqu^^r  lodi  ComposituH  (IT.  8.  F.\  Lugors  Solution,  contains  5  per  eent. 
lifBolved  in  10  per  cent,  potasaium  iodide  solution.     0.2-0.8  c.c.  (3-12  mios.). 
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Unguent  urn  lodi  (U.  8,  P.,  B.  P.),  4  per  cent. 

Liquor  lodi  Forttn  (B.  P,),  Iodine  Liniment^  about  14  per  cent. 

Sulphuria  lodidum  (U,  8,  P.,  B.  P.)  is  a  mixture  of  iodine  and  salpbur, 
pari  of  which  may  be  in  chemical  combination.  It  resembles  Iodine  in  iti 
action  on  the  gkin, 

Unguenium  Sulphuris  lodidi  (B.  P,)* 

The  forapoiiTid  solution  of  iodine  is  the  preparation  best  fitted  for  intemil 
uffo^  although  the  tincture  is  afeo  employed.  Both  should  be  piven  after 
meals  and  as  far  ns  possible  diluted  witb  demulcent  preparations^  in  ofder 
to  avoid  irritation  of  the  st^iraach. 

For  injection  intfl  cysts  or  tumors  the  compound  liquid  is  aUo  the  best 
prepanttion,  ils  it  is  le.ss  irritaot  than  the  tincture. 

The  tincture^  ointment,  the  strong  solution  (B.  P.)  and  the  sulphur  ictdide 
preparation  may  be  used  for  external  application. 

Therapeutic  Uses,^ —  Iodine  has  been  used  internally  in  a  variety  of 
chronic  conditions  such  as  syphilis  and  goitre,  and  in  tubercular  dis- 
ease of  the  glands,  fjones  and  other  organs,  but  it  has  been  almost 
entirely  supcrscilcil  by  tfie  iodides,  an<l  in  goitre  by  the  thyroid  prefjara- 
tions.  It  was  fortncrly  applied  in  goitre  by  injection  into  the  enlarg«?d 
lobes  of  the  gland,  as  well  as  being  administered  internally,  and  cer- 
tainly prt>v€d  beneficial  in  many  cases,  though  these  are  better  treated 
DOW  by  the  extracts  of  the  gland. 

The  int4imal  use  of  iodine  has  undergone  a  revival  qnlte  recently,  but  in- 
stead of  the  older  solutions,  new  prepamtiona  have  been  introduced  such  as 
the  combinutioiH  with  proteids  (Ei(jon^  lodol^en)  or  with  fats  (lodipin),  and 
the  tjrj^anic  compounds  of  the  iorlofonn  series,  lodipin  is  decomposed  by 
the  pancreatie  jiiii^e  uud  iodides  appear  iu  the  urine  soon  after  this  tak« 
place.  It  has  lieru  used  to  indicate  the  activity  of  the  gastric  movenieti1% 
as  when  these  are  abiH^rmally  slow  the  reat-tion  in  the  urine  appears  later 
than  in  normal  cases. 

It  has  also  been  applied  locally  by  ])ainting  on  the  .«kio  in  a  variety 
of  chronic  Inflaininatory  processes,  such  as  tubercular  glands,  pleuritic 
effusion,  and  tubereulnr  or  rlieumatic  joint  disease.  Its  action  hefe 
consists  simply  of  a  mild  lasting  irritation  of  the  skin,  which  induces 
BOtne  congestion  in  the  subcutaneiiis  tissues  and  may  thos  aid  in  tlie 
absorption  of  exudates  in  them  and  may  also  inflacnce  the  deeper  lying 
tissues  and  organs  in  the  same  wiiy  as  other  irritants  (see  page  78). 
Tliere  is,  liowever,  notliing  specific  in  its  action,  and  it  dificrs  from  the 
other  skin  irritants  only  in  being  milder  in  action  and  more  enduring 
in  its  effects.  It  seems  unlikely  that  the  small  quantity  absorbed  can 
have  any  appreciable  action.  St>me  benefit  often  fi>llows  from  this 
use  of  iodine  in  chronic  inflammations,  but  there  is  no  question  that  it 
is  very  often  applied  where,  more  active  surgical  measures  are  locally 
required. 

Iodine  has  been  very  frequently  injected  into  cysts  in  order  to  in- 
duce inflammation  and  adhesion  of  their  walls,  and  thns  to  obliterate 
the  cavity.  Formerly  ovarian  cysts  were  very  generally  treated  in 
this  way,  but  a  number  of  eases  of  poisoning  anBing  from  this  treat* 
ment,  and  the  progress  of  abdominal  surgery  have  led  to  its  being 
abandoned.     Hydrocele  is  still  very  frequently  treated  with  iodine  in- 
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1,  and  some  cysts  of  the  membranes  of  the  spinal  cord  and  brain 
jected  with  it.  It  ha^  been  stuted  in  this  cotmection  that  these 
react  mnch  less  violently  to  iodine  than  the  ]K*ritoneiira 
lining  loembranes  of  the  joints.  Iodine  hm  also  been  injected 
lute  solution  into  the  pleuritic  cavity  afler  the  evaeuation  of 
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Vn.     IODOFORM. 

;  number  of  iodine  compounds  have  been  introduced  into  thera- 
I  a.^  applications  to  wounded  surfaces.     The  most  widely  known 
tbeee  is  Iodoform  (OHIJ^  which  corresponds  in  its  cheraical  struc- 

tto  chloroform,  and  farms  a  yellow,  erystalliue,  insoluble  powder 
an  intensely  disagreeable  odor.  It  has  been  used  very  exton- 
ely  in  surger\%  and  has  given  rise  to  poisoning  in  a  nnmber  of  cases, 
Bymptoms.  — The  symptoms  of  iodoform  iutoxi*jation  in  man  gener- 
y  set  in  with  anxiety,  general  depression  and  discomfort.  The  pa- 
nt becomes  sleepless  and  restless,  eiamplains  of  giddiness  and  head- 
be  and  often  of  the  taste  and  odor  of  iodoform  in  the  mouth  and 
ae.  The  pulse  is  generally  greatly  aee<_'lerated,  and  a  rise  of  tem- 
fitnre  is  said  to  have  oeeurred  in  some  eases  in  which  no  sejytic 
^iaoning  could  be  found  to  account  for  it.  The  depression  deepens 
tn  true  melancholia  accompanied  by  hallucinations,  the  patient  often 
iffering  from  the  illusion  of  persecution,  which  may  induce  him  to 
tempt  suicide.  As  a  general  rule  this  melancholia  is  followed  by 
ttocks  of  violent  delirium  and  mania,  lasting  for  hours  or  days,  and 

E\  cases,  by  collapse  and  de4illu  In  other  eiises  the  condition  has 
into  permanent  insanity  and  dementia.  A  rarer  result  of  the 
^  tion  of  iodoform  is  deep  sleep  passing  into  stn|K»r  and  collapse 
ithocit  any  symptoms  of  cerebral  excitement. 

lo  milder  eases  of  poisoning  the  [)atient  suffers  only  from  the  un- 
Bssant  taste  and  odor,  from  headache  and  not  infrequently  from 
Lwea  and  vomiting. 

In  the  dog  and  eat  iodoform  generally  causes  deep  sleep  and  stupor, 
ith  lessened  excitability  of  the  spinal  cord  and  of  the  motor  areas  of 
i«  brain.  In  the  frog  it  paralyzes  the  central  nervous  system  and  the 
Jirt  without  eliciting  any  symptoms  of  excitement.  No  narcosis  is 
»erved  in  the  rabbit  even  after  fatal  doses* 

The  symptoms  most  characteristic  of  iodoform  poisoning*— those  of 
d^rium  and  mania  —  are  evidently  due  to  cerebral  <1iisturbance,  but 
otbing  is  known  as  to  the  nature  of  the  changes  in  the  brain*  No 
fer  poison  elicits  these  symptoms  in  the  same  intensity  and  of  equal 
unition,  and  no  similar  effects  have  been  met  with  in  animals. 
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Acx)eleration  of  the  heart  has  beeo  noted  in  many  cases  of  pois 
After  prolonged  admiDist ration  albuminuria  is  often  observfKl  ml 
malsy  and  the  thyroid  secretion  has  l>een  found   to  be  lucreastd 
very  eonaideral>le  extent  by  iodoform ^  as  by  other  bodie:^  which 
iodine  in  the  tissues. 

After  fatal  icxloform  poisoning  in  man  and  animals >  tlie  liver,  kidd 
heart  and  muscles  are  generally  found  to  have  undergone  fetty  dt^ 
enition.      In  addition,  irritation  of  the  gaistrie  and    int^estinal  tsu 
membraoe  has  l)een  observed,  and  the  epithelial  cells  are  often  de| 
erated.     Eechyraoses  occur  beneath  the  endocardium,  in  the 
and  elsewliere,  and  congestion  of  the  meninges  is  described. 

Absorption  and  Excretioit  ^ — Iodoform  is  readily  decomposed  inj 
presence  of  alkaline  fluids  and  in  proteid  solutions,  and  some  de 
position   undoubtedly  takes    place   in    wounds ;   the    iodine   liben 
combinei5  with  the  alkalies  of  the  fluids  to  form  iodides,  for  these  1 
been  shown  to  be  present,  and  iodalbuminates  are  prasuraably  forme 
the  same  way  as  by  free  iodine.     Some  of  the  iodoform,  howev**! 
absorbed  unchanged,  for  the  nervous  symptoms  are  not   produced] 
iodine  or  iodides.     After  iodoform  aljsorption,  iodine  has  been  sha 
to  be  present  in  the  saliva,  perspiration  and  bronchial  secretianJ 
after  the  ingestion  of  iodine  or  iodides ;  but  it  is  chiefly  excretedl 
the  urine  in  the  form  of  iodides.     The  tissues  apparently  retain  it^ 
tenaciously t  for  i^Klitles  have  been  found  in  the  urine  for  more  thimi"^ 
month  after  the  administration  of  iodoform.      Hamack  has  stated  tioi 
in  iodoform  |^K>isoning  tnuch  of  the  iodine  of  the  urine  is  in  organiej 
oombinatiun,  hut  this  has  been  denied  by  later  writers. 

lu  eimsidering  the  symptoms  of  iixloform   intoxication^  it  must! 
recognized,  tlierefore,  that  a  very  complex  coudilion  is  present, 
iodoform  circulates  in  tlie  blood  apparently  unchanged  and  gives  i 
to  the  cerebnil  symptoms.     Other  symptoms  are  due  to  the  pr 
of  iodine  aud  iodides,  perhajjs  the  former  chiefly,  in  the  bltx)d  and  I 
sues,  for  Itummo  observed   in  dogs  the  excessive  secretion  from 
eyes,  nose  and   brunch i,   which  is  characteristic  of   iodism, 
the  acceleratiou  of  the  heart  and  some  other  symptoms  may  be  dutfj 
abnormal  activity  of  tlie  thyroid  secretory  cells. 

Poisoning  witli  iodoform  is  mucli  more  liable  to  occur  in  adoltstM 
in  children.  Serious  symptoms,  especially  mental  symptoms,  aif  oto 
developed  only  after  somewhat  prolonged  adrainistration,  but  in  iwnl 
disease  the  iodoform  products  are  excreted  more  slowly  than  usual, «n^ 
are  liable  to  accumulate  in  tlic  tissues,  so  that  it  is  to  be  used  with 
caution. 

Iodoform  has  no  marked  Local  Action  on  the  skin  or  mucous  bj^o* 
branes.  When  applied  to  wounded  surfaces  it  sometimes  cauaas  sow* 
irritation  in  the  neighborhood  and  even  exanthemata,  but  these  are  rtrt, 
and  appear  to  occur  only  in  fjcrsons  predisjKused  to  cutaneous  clisesi!^* 
It  seems  to  have  some  anaesthetic  action,  when  applied  in  large  quaiititf 
to  wounded  surfaces.  Iodoform  was  at  first  applied  to  wound^^  h^^ 
belief  that  its  Antiseptic  properties  were  equal  to  or  even  excccW 
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of  carbolic  acicL  It  has  bt^en  shown,  however,  that  it  |>0S6e68e^ 
Je  or  no  influence  on  the  eultiiros  of  most  of  tiie  patht>genie  mi- 
jbeaSj  for  the  8i>orcs  often  develop  as  rapidly  after  having  been  sub- 
Bted  lo  iodoform  as  in  the  control  cnltures.  It  has  thereibre  been 
sted  that  while  iodolomi  in  itself  possessc^s  no  antiseptic  virtues, 
iodine  formed  from  it  in  the  wound  raiiy  retard  tlie  growth  of  sep- 
tic  germs.  And  in  regard  to  this  point  bacteriologists  are  not  agreed » 
for  while  several  investigations  tend  to  show  that  microbes  drawn  from 
wounds  under  imloform  treatment  are  not  retarded  or  weakened  in  their 
development^  other  experiments  indicate  that   the  virulence   of  some 

fm?i  \s  reiliiced.  Some  of  the  advocates  of  the  iodoibrm  treatment 
refore  ascribe  its  results  to  tliis  slight  antiseptic  action  of  the  iodine^ 
lie  others  suppose  that  it  dimiuishes  the  secretion  of  the  w^ounded 
surface  and  thus  affords  a  less  t?ui table  medium  for  the  gmwth  of  the 
germs;  in  this  rektion  it  may  l>e  mentioniMl  that  Binz  found  the  emi- 

fution  of  the  leucocytes  from  the  blood  vessels  hindered  bv  the  local 
^plication  of  iodoform.      Finally  iodoform  may  retard  the  growth  of 
icrobes  to  s^vme  extent  by  forming  a  erust  over  the  wounde<l  surface^ 
and  mechanically  preventing  tlieni  from  penetrating  to  it. 

The  iti tensely  disagreeable  odor  of  i<Mjotbrm  and  the  considerable 

fniInT  of  cases  of  poisoning  noted  under  its  use  have  led  to  the  intro- 
etion  of  numerous  substitutes  in  the  last  ten  years.  Some  of  these 
ve  l>een  shown  to  be  practically  worthless  and  havT  been  discarded, 
while  the  grcjiter  number  are  apparently  usetl  more  or  less  widely,  but 
Ecciirute  data  as  to  their  value  cannot  l>e  obtained.  None  of  them  seem 
be  very  poisonous,  and  in  most  of  them  the  iodine  of  the  fuolceule 
not  lil>t*nitetl  in  the  wound  or  tissues.  It  is  of  course  impossible  to 
ite  how  far  they  are  capable  of  rep  hieing  iodoform,  oa  long  as  their 
act  action  in  w^ounds  \t  unknown. 

[The  first  of  these  subslitutci*  was  ioditl  or  tetruiodpyrrol  ((\I^NII),  which 
\  no  odor  or  taste^  is  iiisuhihle  in  water^  but  is  abaorlKMl  friiiu  imieuua  sur- 
\  &nd  from  woun^ls.  It  iti  iieeomjjosed  in  the  tisames,  m\d  lf*atls  to  the 
ion  of  kxLitles  in  the  urine,  and  in  very  large  doses  gives  rise  to  syinp- 
in  aniiaals  resembling  thtise  prmiueed  by  iodoform.  The  iodine  of 
Jol  is  ttppiireutly  lea-*  easily  split  otF  the  molecule  than  that  of  iodoform, 
^d  It  ^iceinsoii  the  whole  less  liable  t-o  produce  poisoning,  l>ut  has  been  less 
of  late  yeiirs  tbau  some  of  it^s  rivals.  Among  the  lK»st  known  of  these 
•ftt  mriMoi  or  dithyniol-diiodide  (CJI/;![,l'j,H^OI^j,  and  thi'  9uzf)ioiiolaieA  of 
potassium «  sodium,  mercury  und  x,mv.  Sij/oiudolic  iicid  in  [iheitol-i^utphoDie 
ncid  iu  wliifh  two  atoms  of  hydrogtMi  have  been  ^uljwtitnted  by  two  atoms  of 
iociinc  (C\H,I^HUSU^(  UI).  Iodine  comptmmis  of  phenol-phthaUiii  are  known 
hy  the  trade  nameift  of  nosophen^  anttno^ine  and  ettdoTtne,  Triiodoeresol  is 
known  a^  ItMOphnn,  while  ^urophrtt  \^  a  more  complex  combination  of  cri'snl 
lUtfi  iodine ;  hrrtin  and  rioform  ure  derivatives  of  quinoline  containing 
iodine.  (Sec  aljiwj  under  Bismuth  and  Alnm.)  These  later  '^i^iiWitotes"  fur 
iodoform  ditrer  entirely  from  it  and  from  iodol  in  the  fiU't  that  iodine  is  not 
lib^mtf^  by  the  tissues  ;  that  they  pa^s  through  the  bmly  unchanged,  as  fur 
as  the  iodine  is  ooncerned,  and  that  they  are  stiid  to  be  entirely  devoid  of 
|>oleoiioil!S  eflfbots,  and  in  fact  of  any  action,  f^ve  as  local  antt.'^eptics.  Their 
vaiae  as  antiseptics  can  only  be  determined  by  ftirtber  trirtl,  They  are 
aliBOst  all  phenol  derivatives,  and  any  virtues  they  p4)s»e^  may  prove  lo  be 
due  to  this  fact  mainly,  and  not  to  their  containing  iodine. 
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Preparations. 

lodofarmum  (U.  S.  P,,  B.  P.),  iodoform  (CHIJ,  forms  small,  lemon  wk 
crystals,  possessing  a  verj'  peuetratingT  persistent  and  disagret^ableodotj 
taste,  practically  insoluble  in  water,  soluble  in  alcohol,  ether,  fiivd  ' 
glycerin,  etc.     0,0S-0.2  G.  (J^  g^.)»  i»  P^l^^  or  capsules. 

Suppoifitoria  ladoformx  (B.  P.),  each  containing  i\  grs,  of  iodoform. 

Ungitknti  M  IoiK>FORMi  (IT.  H.  P,,  B,  P.),  contains  10  per  cent,  iodofi; 

lodoi  (iMin-phannaetipti'ial),  a  yellow  crj'stalUne  powder,  tasteless,  odorl 
insoluble  in  water, 

Aristol^  a  yellowish-brown  powder  resembling  iodol  in  its  properties. 

The  Sozmodolate  of  potassium  is  slightly  tuluble  in  water,  the  sodium  i 
zinc  salts  more  solnble.     !5Iertnir>^  forms  an  insoluble  salt  which  may  be^ 
Dived  by  the  addition  of  sodium  ehloride. 

Therapeutic  Uses,  —  Iijdoforni  Ijas  l>een  iise<l  to  a  very  limited 
internally  in  the  tn?atmeiit  of  syphilis,  and  as  an  intestinal  di^iufe 
It  is  cbieHy  eiuployod  in  surgical  tix^atment  as  an  application  to  woun 
skin  diseases  and  burns.     In  granulating  surfaces  with  a  profuse! 
tion,  and  in  slowly  healing  abscess  cavities,  it  seems  to  be  esp 
valimblc.      It  may  be  applitHj  as  a  dusting  |x>wder,  as  an  ointment^ 
in  gauze  or   bandages  saturated  witb    it.      It  htis  been  sbown  th 
has   very   weak   antiseptic   properties,   and    many   surgeons   take 
precaution  of  disinfecting  the  powder  before  applying   it,  and 
for  its  effect  on  the  tissues  of  the  wound  and  not  for  its  effects  on  1 
germs.     Applied  in  ordinary  (juantity  to  small  surfaces*  it  eeems  J 
be  a  perfectly  safe   reniwly,  cases  of  jwisouing  cK^curring  only  wh 
large  cavities  arc  pluggtHl  with   it,  or  when  it  is  applied  to  very  Lifg^ 
absorbaut  surfaces.     Many  attempts  have  been  made  to  disguise  its 
disagreeable  odor,  liut  have  l>een  attended  with  only  moderate  success 
Among  tJie  best  of  the  many  pcriumes  suggested    tor   this  purfRisej 
cuiuarin,  which  is  coutaiued  in  large  t|Uantity  in  the  Tonka  Ix-aii, 

Imloform  has  been  credited  with  some  sjx^cific  action  in  tiibcnu 
disease,  but  has  proved  almost  inert  towards  tlie  bacillus.  The  tVvO 
able  results  iti  the  locid  treatment  of  tuViercular  abscesses,  larvng 
ulcers  ami  similar  conditions  may  with  greater  probability  be  attributt 
to  its  action  on  the  granulation  tissue.  In  syphilitic  ulcers  and  clu 
cres,  ii>dof4»rm  lias  been  used  very  largely  and  with  good  effects. 

lodid  may  be  used  as  a  substitute  for  iodoform,  and  is  applid  i 
the  same  way.  The  st>zoimlolatcs  are  used  as  po waders  or  oiotment*, 
or  in  the  ciise  of  the  sodium,  zinc,  and  mercury  salts,  in  solution.  Th* 
last  is  poisonous,  and  is  comparable  to  cormsive  sublimate  iu  itseffal% 
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Vm.    FLUORIDES* 

fluorides  present  many  points  of  clifFereuce  from  the  other  halogen 
[  in  tbeir  chemical  reueliotjs  and  also  in  their  etfetts  in  the  organism. 
liaoride  of  sodium,  whii*h  alone  has  been  examined,  pu^ssesses  a  power- 
local   irritant  action,  which  is  seen  mdst  clearly  when  it  '\a  applied  to 
nacous  membranes  of  the  eye  kw  of  the  alimentary  tmet.     In  the  for- 
'  it  causes  congestion  and  intlammutiuii  of  the  eonjunctiva  and  o]HU"ity 
Ihe  oomea,  when  it  is  applied  in  a  two  per  cent,  solution   for  some  titue. 
nail  quantities  induce  irritation  of  the  stomach,  nau^^ea  aud  vomiting,  and 
0  prolonged  admin i stmt iou  leadn  to  irritation  of  the  iutestines  and  diar- 

^j  :»olutiond  of  the  tluoride^  are  absorbed  with  great  ditliindty  by  the  in- 
&1  epithelium.      When  injected  subcutaneously  fluorides  often  induce 
iimition  and  .suppuration  with  necrosis. 
In  fro^  small  doses  induce  prolongcil  fibrillary  contractions  of  the  mus- 
j  throughout  the  body,  which  are  due  to  a  stiraulation  of  the  terminations 
lie  mot^ir  nerves.      Tjarger  doses  paralyze  the  central  nervous  system  and 
tually  the  motor  terminations,  and  even  tlie  nerve  fibres.     The  muscles 
^heir  irritability  and  pasfl  into  very  marked  rigor,  and  the  heart  muscle 
I  paralyzed  by  large  quantities. 

mammals  the  fii-st  symptojns  arc  increased  secretion  of  saliva  and 
,  acceleration  and  deepening  of  the  respiration,  followed  by  a  condition 
caeas  and  somnolence.  Strong  tibrillary  tremor  of  the  muscles  then 
kiawitb  occasional  stronger  twitches,  which  eventually  pass  into  attacks 
if  general  conAmlsions.  In  the  intervals  between  the  convulsions  the  animal 
[■ift^Btate  of  profound  coma.  The  respiration  is  finally  arrestc<i  during 
^^^Bk  of  convulsions,  the  heart  c<ml inning  to  heat  for  some  time  longer. 
^R^^oer  found  a  very  marked  fall  of  blood -pressure  produced  by  sodium 
laoride,  and  attributed  it  to  dcjiression  of  th*^  vaso-motor  centre.  It  may 
to  part  account  for  the  stupor,  but  this  indirect  action  is  in  aU  j»robal»ility 
Vtlnigthened  by  a  direct  depression  of  tho  higher  nerv^ms  centres.  The 
MOTUlsions  are  central  in  origin,  while  the  cause  of  the  fibrillary  contrac- 
fiWB  in  mammals  is  unknown.  The  respiratory  centre  seems  to  be  first 
RiiDiilated  and  then  paralyzed.  Muscles,  nerves  and  other  excised  tissues 
iiemiicb  sooner  in  solutions  of  sodiuni  fluoride  than  in  corresponrling  ones 
rf  the  chloride,  iodide  or  bromide,  so  that  the  fluoride  ion  must  be  assigned 
k  position  quite  distinct  fnnn  the  tither  halogen  ions  in  the  scale  of  t4>xicity. 
The  fluorides  absorbed  from  the  iilimentary  canal  are  excTcted  by  the 
ttrine,  hat  thi.s  takes  place  very  slowly,  and  much  of  the  tinonde  is  stored  up 
iQlhe  body,  some  in  the  liver  and  skin,  but  most  in  the  hones  in  the  fonn 
*f  calcium  fluoride.  Crystals  of  this  very  insoluble  salt  are  found  in  masses 
^^the  Haversian  canals,  and  increase  the  hardness  and  brittleneas  of  tbc 

he  prolonged   administration  of  fluorides  to  animals  has  been  found  to 

I  weakness^  loss  of  tlesh,  and  irritation  and  ulceration  of  the  gums. 

he  fluoride  of  .sodium  hits  considerable  antiseptic  power.  ]»ntrefacti€*n  be- 

^ delayed   by  the  aildition  of  one   part  to  5f)0  of  fluid,  nnd  one  in  *200  rt- 

^'»ng  completely  the  growth  of  bacteria.     It  has  b<*en  used  to  a  ver>^  limited 

■^•ttt  a^  a  surgical  antiseptic. 

lydrofluoric    acid    is  an    exceedingly   powerful    caustic,    destroying  the 
oua  membranes  wherever  it  comes  in  contact  with  tbcm.     It  has  been 
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BTved  that  workers  in  certain  departments  of  glaaa  factories,  in  wh 
atmosphere  contains  a  Fiiiull  amount  of  this  ucid|  are  verj*  seldom  otti 
by  tuberculosis,  and  an  attempt  has  been  made  to  treat  pulmonary  pbl) 
by  the  mbalation  of  very  dilute  vapors.     The  results  have  not  been  i 
ful,  although  there  is  no  question  that  hydrofluoric  acid  is  a  powerful 
micide. 

Bodium  fluorosillcate  (@iFlNa,)  has  also  been  used  as  an  antiseptic  mi 
lulion.     It  has  been  found  to  cause  nausea,  enictatioii  and  sloWBoes(' 
pulse  when  swallowed. 
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IX.    GHLOEATES. 

The  chlorate  of  pota*ssiiim>  lotniduced  into  therapeutics  on  the  \ 
Tieou8  theory  that  it  would  supply  oxygen  to  the  tissues,  has  been  i 
very  extensively  for  ite  effects  in  certain  diseases  of  the  month, 
was  supposed  to  be  entirely  devoid  of  lX)isonou^s  properties,  but 
^i%'€n  rise  in  a  considerable  number  of  instances  to  very  gravej  i 
even  fatal  symptoms.  In  such  cases  the  symptoms  are  due  partly  i 
the  salt-action,  but  chiefly  to  the  specific  effects  of  the  chlorate 
The  clilorate  n(  sodium  induces  these  chlorate  symptom.*,  and 
<'lili>rate  of  ammonium  is  said  to  Ix'  the  most  poisonous  of  I  he 
It  woidd  seem  that  the  conditions  which  determine  their  appear 
are  not  univei*sally  present,  for  very  often  large  quantities  have 
taken  with  impunity,  while  in  other  individuals  much  smaller  quun1| 
lie.s  have  induced  ^rave  poisoning. 

Symptoms.  —  The  chlorates  have  a  cool,  saline  taste,  which  peraall^ 
lor  a  long  time  owing  to  tbeir  l)eing  excreted  in  p;irt  in  the  m\i\% 
Concentrateil  solutions  may  cause  nausea  and  %uimiting  from  tlielr  local 
salt-action  in  the  stomach,  and  their  absorption  is  often  followed  by 
ennsiderable  diuresis  from  a  similar  action  in  the  kidney.  In  ti^ 
great  majority  of  cases  uo  further  effects  are  observed. 

In  some  individuals,  however,  symptoms  arise  from  the  chhnk 
action  cpiite  apart  from  those  mentioned  above,  which  may  be  ind«<«ilj 
by  diloride  of  sodium  or,  in  fact,  by  any  other  diffusible  sah,    C 
Sah-action,  page  485.)    These  chlorate  symjitoms  may  be  divider!  inK 
those  of  acute  and  of  subacute  poisoning,  the  first  arising  generally  fn>ffl| 
the  administration  of  a  single  large  dose,  the  sectmil   from  smill^ 
quantities   taken    repeatedly.     In  Acute  CMorate  Poisoning  the  Sr 
sym]}tom  is  often   pruhmged  and  vir>leut   vomiting,  with   pain  in  *»* 
s  to  m  a  eh   reg  ion;  d  i  a  r  rh  fv  a  a  n  <1  a  d  a  r  k  cy  a  n  ot  i  c  col  o  r  of  the  sk  i  n  J 
mucous  membranes  follow,  the  respiration  is  at  first  dyspnopic  and  th« 
weak,  the  pulse  quick  and  feeble,  sometimes  irrt^gular.     The  patient 
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\  of  headache,  giddiness  and  mii^ciikr  weaknesi?,  is  restless,  and 
ly  beoomcs  comatose  before  death. 

abacnte  PoisoQing»  vomitiog  and  diarrhoea  are  also  observed, 
the  vomited  matter  oft^en  eantiiinn  lar^  cjnaiitities  of  bile,  less 
blood.  There  may  be  exjmplote  anuria  for  some  time,  or  the 
is  scantr  and  at  first  dark  eoli>red,  then  deep  reddish-brown  ; 
itain^  hsemoglobin,  methiemoglobin,  and  hmmatin  in  solution. 
adiDg,  it  deposits  cast^  of  brown  amorphous  particles,  which  arise 
the  destruction  of  the  red  cells  of  tbe  blood,  and  chlorates  are 
itoed  in  it  in  considerable  quantity.  The  methieraoglobin  may 
|»pear  from  the  urine  after  one  or  two  days,  but  the  casts  re- 
longier.  The  skin  is  often  icteric  in  c<iloi%  and  in  some  crises 
iiematous  eruptions  have  been  observed.  Ileadaclu^,  muscular  weak- 
iand  abdominal  pain  are  complained  of,  and  uneovio  symptoms  may 
e^ — delirium  and  convulsions,  or  ctiufusion  and  coma.  Death  ha<5 
lUowed  from  these  last  as  late  as  a  week  after  the  lirst  syraptoma  of 
Iteming  were  observed,  but  in  several  cases  complete  recovery  has 
Bo  well  even  the  grav^est  symptoms, 

PLction. — The  cause  of  the  symptoms  in  acute  and  subacute  chlorate 
loboDiag  Is,  ajjart  from  the  salt-action,  a  ajiecifie  effect  which  the 

rtes  have  on  the  Eed  Blood  Cells  and  particularly  on  the  Haemoglo* 
This  is  seen   espe<*ially  well  wlieu   blood  is  added   to  a  chlorate 
btiltion  outside  the  body,  for  in  the  course  of  a  short  time  tiie  blood 
iseumcs  a  dark  chixrolate  l)rywn  color,  and  spectroscojuc  examination 
n»veiU  the  absorption  bands  of  metbiemogloljin  and  often  of  hiematiii, 
I  lime  the  red  blood  cells  tend  to  break  up,  and  tlui  niethiemnglo- 
iVeed   in  the  serum.      If  large  (piaut it ies  of  chlorate   be  added, 
I  blood  becomes  quite  black  in  color,  and  assumes  a  gelutinous  con- 
ey*    This  action  of  chlorates  on  the  blood  was  formerly  supposed 
I  due  to  their  oxidizing  the  hiemoglobin  and  being  tliemsclvcs  re- 
to  chlorides,  but  this  has  lieen  sfiown  to  be  errouenns,  for  the 
bntes  remain  unchanged  and  metluemogloljiu  is  not  a  simple  oxida- 
product  of  hsemoglobin. 

7beo  this  transformation  of  the  liiemogl^ibin  takes  place  in  vea- 
,  the  blood  is  unable  to  supply  the  tissues  with  oxygen,  Iweause  in 
emoglobio  the  oxygen  is  attaehetl  much  more  firmly  than  in  oxy- 
Qoglobin,  and  the  tissues  are  incapaljle  of  availing  themselves  of  it, 
[moch  of  the  haemoglobin  is  thus  rendered  useless,  asphyxia  resultSj 
1  this  IS  unquestionably  the  chief  eiiuse  of  the  symptoms  and  of  the 
fetal  issue  in  the  most  acute  form  of  intoxication.  If  a  smaller  amount 
^f  met  haemoglobin  is  formed,  it  disappears  gradually,  either  by  being 

twly  retbrmed  to  hiemoglobin,  or  by  the  corpuscles  containing  it 
bg  withdrawn  from  the  circulation  and  broken  up.  When  a  con- 
iirable  amount  of  hsemoglobin  is  transffjrmed,  but  sufficient  remains 
^  continue  the  respiration  of  the  tissues,  the  subacute  form  of  poison- 
^flg  results.  The  bkw^d  cells  break  up  and  the  haemoglobin,  metluemo- 
bio  and  the  debris  of  the  corpuscles  thus  freed  in  the  plasma  are 
Ipart  excreted  by  the  uriue^  in  part  deposited  in  the  spleen,  liver, 
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and  boue  marrow.     As  in  other  conditiotis  of  exoesmve  desti 
the  red  blood  cells,  the  bile  pigment  is  iiicresised  io  aroouot,  \ 
absorption  from  the  bile  capillaries  induces  jaundice.     The  i 
of  the  products  of  the  destruction  of  the  red  blood  corpuscles  I 
urine   leads  to  the   renal   tubules  becoming  stopped   np  with 
granular  masses,  which  are  in  part  forced   downwards  and  ap 
the  urine  as  cast^,  but  which  may  lead  to  an  almost  complete  sup 
sion  of  urine  and  to  symptoms  of  unemic  poisoning.      In  those  t 
which  deatli  follows  sevend  days  after  the  first  symptoms,  it  s 
not  to  the  direct  action  of  the  poison,  but  to  the  renal  changes, 
no  actual  nephritis  is  present,  but  in  gome  cases  the  epithelial 
seem  to  be  iuHameiJ,  probably  as  a  secondary  result  of  the  plug^ 
of  the  tubules.     Tlie  dep<^sition  of  the  d6bris  in  the  liver  and  spi 
often  causes  enlargement  of  these  organs.      In  these  subacute  casey 
poisoning,  then,  death  is  not  due  directly  to  the  methflBmoglobia  i 
nintion,  but  to  the  breaking  down  of  the  red  cells.     The  oonue 
between  these  two  processes  has  not  been  explained  as  yet,  but 
seems  every  rea^son  to  believe  that  one  exists.      In   the  case  of  1 
chlorates  the  hLemoglobin  transformation  apparently  precedes  tht] 
Btruction  of  the  corpuscles. 

The  post-mortem  appearances  in  chlorate  poisoning  vary  with^ 
tbrra.  In  acute  poisoning  the  cluiracteristic  color  of  the  blood,  at 
the  metluemoglobi II  absorption  band  in  the  spectrum  are  often  iheonh 
distinct  a|*i>pa ranees.  In  less  acute  cases,  the  debris  of  the  red  cor- 
puscles is  found  in  the  liver,  spleen,  Iwme-marrow  and  renal  tulmlc?^ 
while  no  methaBUioglobin  may  be  detected.  Some  of  the  red  Wood 
corpuscles  arc  found  missha|x?n,  however,  others  are  colorless  (shadnWH 
and  in  some  the  pigment  is  formed  in  masses,  instead  of  being  g€0<?r^ 
ally  diffused-  Some  swelling  and  eechymoses  of  the  gastric  aud  JM 
testinal  mucous  membrane  have  been  observed.  fl 

It  has  been  recently  stated  that  S4>me  of  the  symptoms  of  chbfli 
poisoning  are  due  to  infarcts  formed  in  the  smaller  vessels  from  th^ 
agglutination  of  the  remains  of  the  reil'l>lcK>d  cells,  and  SilberroaM 
has  even  tailed  to  inject  some  parts  of  the  lK)dy  owing  t4>  this  plugging' 
of  the  arteries.  This  statement  has  been  denied,  however,  by  Mar 
chand  and  Falkenberg,  who  coukl  find  no  evidence  of  such  infarcttoii. 

The  Inemoglobin  of  most  animals  seems  equally  easily  transfunncJ 
to  metha^mogli>bin  by  chlorates  when  it  is  dissolved  in  water,  but  Ae 
bhnxl  corpuscles  of  the  rabbit  and  guinea-pig  resist  their  action  roo<^ 
more  than  do  those  of  the  dog  and  of  man.  Rabbits  therefoit  y^ 
mrely  shuw  any  symptoms  of  true  chlorate  action,  and  die  nf  A^ 
potassium  or  of  the  Siilt-action,  wliile  dogs  and  cats  exhibit  symplonis 
very  like  those  seen  in  man.  The  cause  of  this  immunity  of  tb* 
rabbit's  corpuscles  is  unknown,  hut  may  perhaps  be  explained  bytli**"^ 
iM'ing  impermeable  by  the  chh>rate  salts.  It  has  been  found  thai  ^h^^ 
the  rabbit*.*  lihxxl  is  amcentrated,  or  when  l)ile  is  present  in  quaatitj 
ill  it,  the  chlorate  action  may  be  elicited  much  more  readily  tbaft j^ 
normal  animals. 
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te  nervous  Rvraptoms  in  chlorate  p>i80iinig  are  manifestly  due  to 

klood  changes*  and  the  ursBmia  for  the  most  part,  though  there  is 

ill  believe  that  under  some  (X)Dditioiis  the  brain  is  also  dire<?tly 

The  heart  is  said  to  be  first  slowed  and  then  aeeelerated  by 

iverious  injection  of  sodium  chlorate.     The  vomiting  does  not 

to  be  due  to  loeal  action  only,  for  it  is  seen  in  animals  in  which 

It  la  injected  subeutaneonsly. 

lie  chlorates  are  not  reduced  in  the  blood  aod  tissiu^s  as  was  for- 

ly  supposed,  for  fiO-90  per  cent,  of  the  amount  administered  has 

recovered  from  the  urine.     Small  quantities  ap[>ear  also  in  the 

and    in  other  secr(?tions  such  as  the  perspiration,  milk,  tears, 

^  nasal  mucus,  and  some  has  been  found  to  pass  from  the  mother  to 

(foetus  in  utero, 

lie  chlorates  are  hardly  more    antiseptic  than   other    indifferent 


ae  Bromates  aud  lodates  haveheen  much  more  seldom  the  subject  of  in- 
ligation  than  tlie  rhhjrates,  iind  are  nut  used  in  therapeutics*.  The  io dates 
I  more  poisonous  than  thi*  l>n>raal€s  and  these  ag^siiti  than  the  eh h* rates, 
Qgh  the  chlorates  are  much  more  powerful  blood  poisons  tbau  the  others. 
Mat«B  induce  fatty  degeneration  of  the  liver,  and  coti^jestioD  and  cxtra- 
ptMlion  in  the  alimentary  tract.  It  is  not  unlikely  that  some  iodide  is 
■raied  from  them  in  the  body. 

[Tlie  action  of  the  PercWorates  lias  been  examined  by  Kerry  and  Rost. 

llhe  frog  the  perchlorate  of  sodium  (NaClO^)  induces  fibrillar}^  twitching 

1  clonic  eontractions  of  the  muscles  ;  the  contraction  of  the  niii»4c!e  is  pro- 

in  the  same  way  as  by  veratrine,  and  rigor  eventunlly  follows  as  in 

ADO  poisonin;;.     The  reflux  excitability  is  inere^ised,  and  the  heart  is  slow 

invgnlar.     The  effects  of  the  pcrchl orate  on  msimmals  dilTer  consbler- 

'  in  different  species  ;  in  the  rat,  mouse  ami  guinea-pi^  the  reflex  cxcita- 

'  is  enormously  increased  and  tetanic  convulsions  may  arise  from  this 

on  ;  in  the  cat  a  certain  stilfnes^i,  nmscidar  jmresis  nnd  tremor  can  be 

fle  out  after  the  injectiou  of  large   quantities  of  perch lorate,  but  these 

iials  OS  well  as  the  rabbit  and  dog  are  not  killed  by  even  very  large 

otitic. 

Preparations, 

PAfiSTT  CiTLORAs  (U,  S,  ?.,  B.  P.)  (KCIO,),  0.3^1  G.  (5^15  grH.)- 
chiim:;!  Potassii  Chloeatis  (U.  8,  P.)  contain  0.3  O,  (5  grs,)  chlorate 

Bium  in  each  lozenge. 
c*Hii*ru8  PoTAgen  Chloratis  (B,  P,)  contains  3  grs.  in  each. 
Hi  Chloms  (U.  a  P)  (NaClO,),  0.5-2  O.  (10-30  grs.). 
he  chlorates  are  colorless  prismatic  crystals  with  a  saline  taste,  and  are 
to  in  solution  or  in  lozenges  when  n.sc^d  interoally.     The  dry  salts  fc>rm 
live  mixtures  with  organic  or  other    reducing   substances^  and   sn**h 
pe  therefore  to  be  kept  cool»  and  ought  not  Uj  be  ground  together, 
at  and  pressure  an*  liable  to  cause  ex]il options. 

therapeutic  Uaes. — The  chlorate  of  potassium  is  used  chiefly  as  a 

tth  wash  and  gargle  iu  irritable  conditions  of  the  mouth  an<l  throat, 
as  apbthe,  and  in  the  tenderness  and  nice  rat  ion  of  tite  gnnis  and 
tnoiith  ioduccHl  by  the  pndooged  use  4)f  niereury.  It  may  also  be 
pven  as  a  prophy lactic  to  prevent  stomatitis  when  mercury  is  being 
prewsribed,  but  it  does  not  prevent  the  salivation.  In  catarrh  of  the 
firoat  the  chlorate  of  potassium  is  often  used  with  apparently  good 
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etfects.     It  has  been  stroDgly  advised  in  diphtheria,  but  is  of  ooly 
<[Ut'stionable  value  here. 

The  chlorate  of  potassium  is  more  frequently  prescribed  than  tlie 
sodium  salt,  but  the  latter  seems  equally  efficient.     The  chlorates  are 
use<l  in  2—4  per  cent,  solution,  or  the  official  lozenge  may  be  prescribed. 
In  children  a  somewhat  stronger  solution  with  syrup  or  honey  maybe 
use<I  to  brush  out  the  mouth,  but  care  should  be  taken  that  none  h 
swallowed.     The  local  action  of  the  chlorates  has  not  beai  explained, 
and  it  may  be  due  to  the  salt-action  in  part,  though  not  wholly.    It  hat 
been  suggested  that  they  are  oxidizing  disinfectants,  but  there  is  no 
reason  to  suppose  that  they  are  changed  here  any  more  than  in  thetis> 
sues  in  general.     It  is  not  impossible  that  equally  satisfactory  resolta 
might  be  obtained  by  the  use  of  the  chlorides  or  nitrates.    Chlorate  of 
potassium  has  been  given  internally  in  cases  of  diphtheria  and  in  some 
diseases  of  the  mouth,  but  it  does  not  seem  to  have  any  therapeutic 
value  unless  when  applied  locally.     Some  benefit  may  arise  (rem  ite 
contact  with  the  mouth  and  throat  in  the  process  of  swallowing  and 
from  its  excretion  in  the  saliva.     In  addition  the  internal  administn- 
tion  of  the  chlorate  is  liable  to  induce  dangerous  poisoning.     It  is  un- 
necessary to  discuss  the  earlier  uses  of  the  chlorate,  which  were  based 
on  the  thei>ry  that  it  gave  up  its  oxygen  to  the  blood,  for  both  theoij 
and  practice  have  been  shown  to  be  erroneous. 

Poisoning.  —  The  fatal  dose  of  chlorate  varies  extremely,  as  little  as 
4  G.  (GO  grs.)  having  proved  fatal  in  a  child,  while  40-50  G.  (10-12 
drs.)  have  been  swallowed  by  adults  without  marked  symptoms.  There 
is  no  question  that  the  red  blood  cells  are  often  peculiarly  susceptible 
to  the  action  of  the  chlorates.  In  cases  of  poisoning  the  stomach  should 
be  evacuated,  if  any  of  the  salt  is  believed  to  remain  in  it,  but  the  symp- 
toms often  appear  only  2-3  hours  or  longer  after  the  drug  has  been 
taken.  General  treatment  with  central  nervous  stimulants,  ice  for  the 
vomiting,  etc.,  may  be  carried  out.  The  destniction  of  the  blood  cells 
is  believed  to  be  less  liable  to  occur  when  the  blood  is  more  alkaline 
than  usual,  and  this  has  led  to  the  administration  of  the  alkaline  car- 
bonates in  these  cases.  Afler  the  acute  symptoms  pass  off,  diuretics 
are  often  advised,  and  large  quantities  of  fluid  are  given,  in  order  to 
flush  out  the  kidneys,  and  prevent  as  far  as  possible  the  tubules  from 
being  stopped  up  by  detritus. 
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r  nitrates  are  generally  supimseil  to  liavo  little  action  except  that 

stilts  in  general,  and  have  been  eonnjamtively  .seldom  the  .subject  of 

niact) logical   exarai nation*     In  siuall   doses  tliey  induce  changes 

similar  to  thoi^e  seen  after  tlie  chlorides,  but  tliere  is  little  doiibt 

in  addition  to  the  salt-aetion,  a  distinct  nitnite-ion  effect  exists, 

IS  manifested  chietly  ia  irriiation  of  the  mucous  membranes  which 

li  exposed  to  it. 

Symptoms. — The  nitrates  hav^e  a  cool,  saline  taste^  and  in  small 
e«s^  induce  no  symptoms  save  an  angmented  flow  of  urine.     Large 
ttimtities,  however,  *^nse  gastro-intestiual    irritation,  giving  rise  to 
ti  in  the  stomach  region,  nausea,  vomiting  and  sometimes  diurrhcea, 
i  blood  may  be  present  in  the  vomited  matter  and  in   tlic  stools, 
i  ortne  is  often  abundant,  but  may  be  sc^mty  or  entirely  suppressed. 
V  inptoms  may  be  followed  by  great  muscular  weakness,  apathy, 
Lind  eventually  coma  and  deatli.      When  potassium  nitrate  is 
drug    takeu^    the  symptoms    of    heart    weakness  are    especially 
iked. 

At  the  autopsy  the  stomach  and  intestines  are  found  red  and  eon- 
and  verv'  often  cotitaiu  IjIowI  extravasations*  The  ki*lney  is 
III  have  pre.sente<l  the  syniptoms  of  acute  uephritis  and  liicmor- 
ik^pys  in  some  ca^-^s  of  ]M>isoning, 
H'^hen  dilute  s^^lutiouM  of  the  nitrates  are  used,  much  less  irritation 
induced,  and  in  fact  large  quantities  may  be  taken  thus  without 
basing  any  symptoms  wfialcver  except  diuresis. 

Action.  —  Very  similar  etfects  may  be  induced  by  large  quantities  of 
iCNnmon  salt,  or  of  potassium  chloride,  and  it  is  therefore  often  stated 
lut  the  nitrates  act  in  the  same  way  as  the  chlorides.  But  this  is  not 
I i rely  correct,  for  while  there  is  no  question  that  the  salt-action  ex- 
UiiL-i  much  of  the  effect  of  the  nitrates,  these  sidts  have  a  specific 
Htant  action.  Thus  very  much  smaller  quantities  of  the  nitrates 
of  the  chlorides  are  sufficient  to  indui-e  serious  irritation,  and 
lations  of  the  nitrates  isotonic  with  the  blood  induce  irritation  and 
►ngestion  in  the  intestine  and  are  sh>wly  absorbetl.  This  irritant 
Feet  of  the  nitrates  has  been  explained  by  Binz  and  Barth  as  the 
feaalt  of  the  reduction  of  the  nitrates  to  nitrites  in  the  alinicn- 
swy  canal  and  tissues,  but  no  sym)>toma  of  nitrite  action  seem 
n  have  been  observed  in  cases  of  puisooiDg  witli  nitrates.  Haldune 
las  recently  shown  that  nitrite  is  firmed  from  the  nitrate  used  in 
■he  preserv^ation  of  meat  by  salting,  and  that  some  nitrous-oxide 
l«moglobin  is  formeil  and  gives  a  bright  red  color  to  the  meat. 
The  presence  of  this  pigment  may  perhaps  explain  the  red  color  of 
the  intestine  in  some  cases  of  poisoning  in  which  extravasations  of 
«!o<k1  are  not  marked. 
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TT^  nitrates  have  lon^  been  used  a§  £iirecicsy  memw,  eqpnaDr  de 
nitrate  of  prAatfiom.  The  diare&t§  k  gencfallj  flttribaml  to  the  adt- 
action,  but  there  mar  be  in  additioo  a  tme  sfimohtioii  of  the  IddiNy 
similar  to  that  observed  onder  the  actkn  of  manj  ochcr  dn^  wU 
are  irritant  to  the  boweL  If  WevF«  statemefit  be  eorvect  thtt  de 
nitrates  of  the  urine  are  not  increased  bv  the  adadoistiadQD  of  nhnlei 
by  the  ro^HJthy  the  diuresis  mu«t  be  doe  to  some  srimolam  actioo  obIt. 
Tt»e  nitraU;  of  potaasium  is  geoerallv  considered  a  bener  diomie  Aa 
the  !i(j<lium  fait. 

The  Fate  <tf  tke  Ktntea  in  tke  Body  is  still  anknowD,  and  m  &i 
seems  to  vary  in  different  animab  and  under  difl^rent  oooditiotts.  Ii 
man  and  in  most  animals^  some  nitrate  is  present  in  the  urine  normaUr, 
ap|iarently  derived  frr>m  vegetable  food,  althof^  it  may  in  some  ctta 
fje  one  of  the  final  products  of  the  proteid  metabolism.  When  mtiatn 
are  given  by  the  month,  however,  no  correspoodii^  increase  in  the 
amount  excreted  in  the  urine  occurs.  Some  of  that  given  gcnenJlT 
apfiears  in  the  urine,  but  more  than  half  of  it  disaf^iears  entiielj  in 
the  tissues.  According  to  Weyl  1-3  G.  of  nitrate  of  potasraom  admin- 
istered to  patients  caa«es  no  increase  whatever  in  the  nitrate  excreted 
in  the  urine,  the  whole  of  it  being  dianged  into  some  other  iorm  ii 
the  organs.  It  is  surmised  tliat  the  nitrate  is  reduced  first  to  the 
nitrite,  and  then  to  ammonia,  or  that  it  is  eventually  excreted  hy  the 
lungs  as  free  nitrogen.  Some  of  the  nitrate  seems  to  be  excreted  in 
the  saliva  and  perspiration,  possibly  unchanged,  although  it  is  rapidlj 
reilucfxl  to  nitrite  in  these  secretions,  and  may  in  fiict  be  changed  to 
this  form  in  the  secretory  cells.  In  the  dog  a  considerable  proportioa 
of  the  nitrates  ingested  appears  again  in  the  urine,  and  it  is  to  be  noted 
that  earlier  investigators  did  not  find  the  nitrates  disappear  entireljiB 
man  as  Weyl  did. 

The  action  of  the  nitrates  on  the  individual  organs  is  practictDj 
entirely  unknown.  They  are  said  to  have  some  effect  on  the  red  blood 
cells,  which  became  crenated,  but  this  is  probably  merely  the  sdt- 
action  and  not  any  specific  nitrate  effect. 

Richet  has  found  solutions  of  the  nitrate  of  sodium  less  harmful  to 
fish  living  in  it  than  those  of  any  other  salt  except  the  chloride. 

Preparatioxs. 

Potassii  NUraa  (U.  8.  P.,  B.  P.),  Nitre,  Saltpetre  (KNO,),  0.8-2  G.  (5-80 
grH.). 

Sodii  NUraa  (U.  S.  P.),  Chili  saltpetre  (NaNO,),  0.8-2  G.  (5-80  gre.). 

Charta  Potasaii  Nitraiis  (U.  8.  P.),  paper  impregnated  with  saltpetre. 
When  burned  it  gives  off  a  dense  smoke  containing  pyridine  and  other 
similar  iKxlies  and  perhaps  some  nitrite  combinations. 

The  nitrates  form  colorless  crystals  with  a  cool,  saline  taste.  They  are 
very  soluble  in  water  and  are  prescribed  in  dilute  solution. 

Therapeutic  Uses.  —  The  nitrates  are  seldom  used  now  except  as  in- 
gredients of  diuretic  mixtures  ;  e,  //.,  along  with  digitalis.  The  nitrate 
of  potassium  was  formerly  employed  largely  in  fevers  and  in  varioos 
disorders  of  the  metabolism,  such  as  rheumatism  or  gout,  but  in  none  of 
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Ben  hm  it  be<?n  foiiiic]  useful.  The  nitrates  are  to  he  gtveti  with  care 
^■len  there  h  uny  irritatian  uf  the  stoimieh  and  mtestiDe.  Authorities 
Biler  an  to  whether  they  may  be  prescribed  iu  irritation  of  the  kidney, 
^ut  in  every  case  they  ought  to  be  well  diluted. 

The  iiali|iilre  |»aj>er  is  u^ed   in  asthma  by  burninjy:  it  In  the  sink 
F^w>m,  when  the  pyridine  and  cither  bodies  relieve  the  spasms,     iSalt- 

ktre  may  be  used  in  eigars  or  cigarettes  for  the  sarae  purpose^  and 
e  tobacoo  may  contain  also  the  leaves  of  belladonna  or  some  of  its 
■lliefty  aa  the^  have  a  bpeeial  action  oo  the  broadiial  muscles. 
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XI.     SULPHITES. 


The  aalphites,  uii  uiiiraportaiit  >jroiip  of  botlicji  frora  a  therapeutic  point 
of  view,  lluve  been  shown  to  hsive  a  move  fioisoiious  action  than  uuioy  better 
known  suits.  They  pa**es8  fairly  struiijiC  anliseptie  properties^  because  they 
wiltifJriiW  oxygen  from  organic  imUter  in  order  to  oxidi/e  themselves  to  aul- 
phalcd.  Injected  into  frogs,  ^^ulphite  o(^  soda  causes  grent  museular  weak- 
ntB^t  jial  depreasion,  and  eventually  paralysis  of  the  central  nervoui*  system^ 
begin  a  lag  in  the  brain  and  descending  to  the  spinal  covd,  I^ter,  the  heart 
bi^oomet  weak  and  oaaaei  in  dituHtole,  and  the  peripheral  nerve  terminations 
mud  the  mtuftcles  are  paralyzed.  In  mainmaii  the  action  is  exerted  chiefly 
oo  ibe  nadnlia  oblongata  and  the  heart.  In  the  dog  and  cat  mil>cutaneou8 
l^l^Otlon  oaiise^  nausea,  vomiting,  restles^nesda  and  dyapnam  and  great 
mwaoahw  waakne^^,  ending  in  arrest  of  the  respiratjoni  and  a  little  later  of 
Ctl#  lnuirt.  In  the  rabbit  the  Bymptoma  consist  of  dyspncBci,  muscular  weak- 
ttew  without  loss  of  fff>ontuneoni3  movements,  and  finally  death  from  failure 
<«f  ihn  respiration  and  the  heart. 

Much  larger  tiuantities  are  re^iuired  to  poison  animals  when  given  by  the 
moatb  than  when  injected  subcntauenusly,  probably  because  the  salt  is 
alowlx  absorbed  from  the  alimentiiry  tract,  and  also  because  some  of  it  Is 
ehamC^d  to  the  harmless  sulphate  before  it  rejiches  the  blood.  Some  irri* 
telioa  of  the  stomach  is  caused  tWim  the  sutphnrons  acid  being  freed  by  the 
gaatrlo  juioe,  and  this  induces  vomiting  in  the  dog. 

totravenous  injectiou  shows  that  the  chief  seat  of  action  of  the  sulphitrs  Is 
tbe  tneiulla  oblongat  i,  in  wbirh  they  depress  the  respiratory  and  vasomotor 
OOOtrei.  The  heart  i^  acted  on  directly  apparently »  for  the  pulse  is  t*low, 
Mid  the  mu'icular  wnHs  of  the  veeseU  are  also  weakened.  Kionka  states 
llLfti  sulphiUH  de«str»jy  the  reil  cells  of  the  blood,  and  that  infarcts  are  formed 
fh»ai  thoir  riirnaiit*  in  the  vessels  and  lead  t^  hiemorrhagt^s  in  many  organs. 

If  Utige  quantities  be  absorbed  rapidly,  they  prove  immediately  fatnl.  but 
If  Ibfi  raeplration  be  kept  up  for  a  short  time,  recover>^  may  follow,  becau-^e 
iho  poisonoa^  sulphite  is  changed  to  the  harmless  sulphate  aufl  excn*ted. 
*'  011190  per  cent,  of  the  sulphite  aWirbed  into  the  blo«>d  is  oxidij^ed  to  the 
||tph:ite,  while  some  3  per  cent  is  excreted  In  the  uHne  unehansji^d.  The 
ilphat4*  is  apparently  oxidi/cd  with  gnniter  dirticulty,  for  Walko  found 
p;»r  cent,  eliminated  by  the  kidneys  unaltered. 
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Large  doees  of  salphites  have  been  taken  bsr  man  ^ithoiit  symptoms  of 
poleODing  being  induced.  Even  30-40  gm:».  are  said  to  have  been  swallowed, 
but  in  moist  preparations  of  sulphite  a  large  proportion  of  sulphate  is  pn». 
ent,  and  it  is  impossible  to  state  how  much  sulphite  was  really  contaioed  is 
these  doses.  Symptoms  of  gastric  and  intestinal  irritation  have  been  in- 
duced by  comparatively  small  quantities,  and  Kionka  found  that  e^en  smalkr 
doses  of  sulphite  administered  daily  to  animals  caused  haemorrhages  in  diP 
ferent  organs  and  accordingly  condemns  the  use  of  sulphites  to  presenre 
meat,  wines  and  vegetables  ;  in  addition  they  eeem  to  have  little  effect  is 
preser\'ing  meat  from  putrelkction. 

Sodii  Sulphis  fU  8.  P.,  B.  P.)  (Xa^, -f  7H,0),  a  soluble  salt  which  on- 
dizes  to  the  sulphate  in  the  air,  is  feebly  alkaline  and  has  a  cool,  stline 
taste.     0.3-2  G.  (5-30  gn?.)- 

^SifMfit  Bisulphis  (U.  8.  P.)  (NaH80J  has  a  disagreeable  odor  of  sulphnrow 
acid,  an  unpleasant  taste  and  an  acid  reaction.     1-2  G.  (15-W  gra.). 

Sodii  HypotmlphU  (T.  8.  P.)  (Na^,0,  -f  5H,0)  is  not  the  true  hypoed- 
phite,  but  the  thiosulphate  of  sodium.  It  is  very  soluble,  has  a  cool,  eidine 
taste  and  is  neutral  in  reaction.     1-2  G.  (15-30  grs.). 

Solutions  of  these  salts  have  been  used  to  a  limited  extent  as  antieeptie 
mouth-washes  in  aphthe,  and  have  been  prescribed  in  some  forms  of  fennen- 
tation  in  the  stomach.  They  were  formerly  reputed  to  be  of  benefit  in  caaes 
of  pyiemia  from  their  supposed  action  as  antiseptics  in  the  blood,  but  have 
never  been  shown  to  be  of  any  real  value. 
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Xn.    HTPOPHOSPHITES. 

The  hjrpophosphites  have  been  used  in  therapeutics  in  the  belief  that  they 
had  some  special  influence  on  nutrition.  They  were  formerly  supposed  to 
be  oxidized  in  the  tissues  to  the  phosphates,  but  this  has  been  shown  to  be 
incorrect,  as  practically  the  whole  of  the  hypophosphite  administered  can 
be  recovered  unchanged  from  the  urine.  No  entirely  satisfactory  work  on 
the  effects  of  these  salts  on  the  nutrition  has  been  done,  but  there  is  no 
ground  to  suppose  that  they  have  any  further  action  than  the  other  indif- 
ferent salts,  such  as  the  chlorides.  The  chief  effect  of  the  hypophosphite  of 
iron  is  undoubtedly  due  to  the  metallic  ion. 

Preparations. 

Sodii  Hypophoftphis  (NaOPH,0)  (U.  S.  P.,  B.  P.),  0.2-0.6  G.  (8-10  grs.). 

PotoMsii  Hyj)opho8}}his  (KOPH,0)  (U.  S.  P.),  0.2-0.6  G.  (3-10  grs.). 

Calcii  HypophonphiA  (Ca(OPH,0),)  (U.  8.  P.,  B.  P.),  0.2-0.6  G.  (3-10  gra.). 

Ferri  Hypophosphia  (Fe,(OPH,0)g)  (U.  S.  P.),  0.2-0.6  G.  (3-10  grs.). 

Syrupus  Hyj}ophosphitum  (V.  S.  P.)  contains  the  byphophosphites  of  cal- 
cium, potaHsium,  sodium,  free  hypophosphorous  acid,  spirit  of  lemon  and 
sugar,  4-8  c.c.  (1-2  fl.  drs.). 

Syrupus  Hypophosphitum  cum  Ferro  (U.S. P.)  contains  the  syrup  of  hypophos- 
phites  along  with  lactate  of  iron  and  citrate  of  potash,  4-8  c.c.  (1-2  fl.  drs.). 

Therapeutic  Uses. — The  hypophosphites  are  used  in  weakness  and  ca- 
chexia, and  especially  in  commencing  phthisis  and  ansemia.  The  syrup  with 
or  without  iron  is  the  form  in  which  they  are  invariably  prescribed.  There 
is  a  popular  belief  that  they  improve  digestion  and  nutrition,  but  most  re- 
liable investigators  deny  that  they  have  any  other  influence  than  the  better 
known  and  cheaper  salts  of  iron,  calcium,  etc. 
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Xm.    SALINE    CATHARTICS. 

Slute  solutions  of  such  salts  as  the  ehlori<leSj  ioilides  and  bromide 

alkalies  are  absorbed  rapidly  from  tlie  alimentary  eaiwl,  but 

of  the  other  salts  of  these  metals  apparently  jK^rmeate  the  epi* 

am  with  greater  difficulty,  and  their  .sokitious  therefore   remain 

?rbed  for  a  longer  time  in  the  intestine.      Little  Is  known  of  the 

of  these  salts  in  the  tLssues^  but  their  action  in  the  intestine 

il  to  their  therapeutic  use,  and  tliey  may  therefore  l>e  classed  to- 

Br  as  the  saline  eathartics,  in  order  to  distinguish   them   from   the 

ily  absorbetl  Kills,  siicli  as  the  chlorides,  or  bmniitles.     The  chief 

lof  !iodium  and  [>otassinm  which  ha%x»  this  intestinal  action  are  the 

lies,  pbospliates,  tartrates  and  citrates  ;  less  known  ones  are  the 

^  and  ferroeyanides. 

i  manifest  that  the  peculiar  efiect  of  these  salts  is  due  to  the 
!  constituent,  or  anion,  and  not  to  the  base  or  kalion,  for  the  latter 
Riar  be  present  in  readily  absorbable  salts,  such  as  chlorides.  All 
eorubinations  in  which  the  sulphate,  phosphate,  etc*,  ion  is  found, 
rr,  are  less  easily  aljsorbed  than  the  corresponding  ones  with 
-or  chloride  ions.  But  these  cEithartic  anions  are  only  weakly 
•ctive,  and  no  pronmincud  thffer*'ncc  can  be  ol>serveii  in  the  action  of 
Alorides  and  sulphates,  ntdess  the  salt  can  be  given  in  large  qmuiti- 
l»es^  as  is  possible  in  the  ease  of  the  salts  of  the  alkalies.  The  effects 
►f  the  sulphate  and  hydrochlorate  of  nmrphine,  for  example,  may  l>e 
4um  as  identical,  because  the  anion  is  present  in  so  small  amount  as 
HS  practically  inert. 

Kbe  ehloride  ion  Is  rapidly  absorlx'd,  as  is  seen  in  the  ease  of  sfxlium 
Bride.  Yet  when  the  chloride  of  magnesium  is  avlministered,  it 
Hppcars  only  very  slowly  from  the  bowel.  It  would  seem,  there- 
^L  that  the  magnesium  is  also  more  slowly  absorlx^d  than  the  sodium 
H^ potassium  ions,  and  that  cathartic  action  e^n  be  obtained  from 
Imr  basic  ions  (katious)  or  from  acid  ions  (anions).  When  Iwth 
Miofa salt  are  slowly  absorbal,  the  cathartic  is,  of  course,  raoiTs  power- 
■  than  when  one  is  rapidly  absorbed.  Thus,  magnesium  sulphtite  is 
More  powerful  purgative  than  either  magnesium  chloride  or  sodium 
Mphate,  because  in  the  first  lx)th  ions  are  difficult  of  aljsorption^  while 
in  the  others  only  one  is  cathartic.  It  seems  prol)al>le  that  all  the 
iJkaltne  earth  ions  reserable  magnesium  in  i>crmeating  the  epithelium 
ditBculty. 
chief  saline  cathartics  nseil  in  therapeutics  are  the  mdphaie  of 
(Glauber's  salt),  the  mtlphate  of  mfifpie^ium  (Epsom  salt),  the 
tartrate  of  sodium  and  pofaj^Hinm  (Rochelle  salt)  and  the  ci- 
f^fotussiam  and  umgnesmm.     In  addition  the  oxide  and  car'" 
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bonate  of  mngneMum  have  some  purgative  action  from  l>eitig  formed 
ioto  soluble  salts  in  the  sttJinacli  and  intestine.  But  besides  tbe^* 
many  other  salts  are  slowly  alisorbed  and  might  therefore  be  \m^d  for 
this  purpose.  Thus  the  sulphates,  citrates^  or  tartrates,  of  anj  of  thf 
alkalies  or  of  the  non*poisononi5  alkaloids  might  be  used  for  this  pur[Jose, 
pfi^vided  they  arc  noluble,  and  any  of  the  magnet^ium  salts  might  be 
u.seil  in  iluy  same  way. 

STmptoma. — The  external  upplieation  of  irolutions  of  the  saline 
cathartics  has  the  same  efleet  a^  that  of  any  other  indifferent  salt»  siicb 
as  sodium  eh lo ride  (see  page  41*1 ), 

^lost  (»f  the  eatliartie^  have  a  harsh j  hitter,  unpleasant  ta^te^  and 
when  taken  in  concentrated  solution^  may  induce  si»me  nau^ea^  partly 
from  tlje  taste,  and  partly  from  their  effect  on  tlie  stomach,  which  is 
the  same  as  that  of  solutions  of  smiium  chloride  of  similar  concentra- 
tion* Dilute  solutions,  however,  provoke  no  such  symptoms,  but  after 
one  or  two  hours  induce  a  profuse  watery  evacuation  of  the  l>owek 
This  is  sometimes  preceded  by  some  pain  and  griping,  but  these  are 
not  nearly  so  frequent  or  so  severe  as  after  the  vegetable  purgatives. 
Not  infrequently  the  urine  is  increased  in  amount  afterwards,  or  it  may 
be  found  to  have  an  nuusnally  high  percentage  of  salts.  If  a  moderate 
quantity  of  a  dilut-e  solution  be  given,  only  one  evacuation  follows^  but 
large  doses  of  concentrated  solutions  induce  repeated  stools,  which  at 
first  contain  some  faecal  matter,  but  later  consist  mainly  of  bile-staioed 
mucous  fluid. 

Action:  iBtestine. ^ — ^The  explanation  of  the  action  of  the  saline 
cathartics  has  been  much  debated,  and  the  details   have  not  even  yet 
been  entirely  settk'd.     One  point  is,  however,  perfectly  certain  —  the 
saline  catharrics  differ  from   the  vegetable  pui"gatives  in  not  inducing 
irritation  of  the  intestine,  unless  when   they  are  given   in  very*   large 
quantities.     The  eliaraeteristic  effect  is  not  irritation,  but  retarded  aV 
sorption.     If  a  solution  of  sodium  chloride  isotonic   with   the  blooJ 
serum    be  administered  by   the   mouth   to  a  dog  with  a  cjecal  fistula, 
little  or  none  of  it  reaches    the  wound,  as  it  is  all  absorbed  in  the 
stomach  and  small  intestine.      If,  on  the  other  hand,  an  equal  amount 
of  an   isotonic   solution   of  sodium  sulphate  lie  administered    in   the 
same  way,  the  most  of  the  solution  escapes  by  the  fistula,  only  W)me 
l()-20  per  cent*  having  been  absorbed   by  the  stomach  and  small  in- 
tcstine»     In   a  normal   dog  or   in  the  human  subject,  a  much  lai^er 
amount  of  fluid  therefore  reaches  the  large  intestine  if  sodium  sulphate 
be  dissolved  in  it  than  if  sodium  chloride  be  used  instead.      The  con- 
tents of  the  large  intestine  are  consequently  more  fluid  than  usual,  and 
arc  passed  down  more  easily  towards  the  rectum.     At  the  same  time 
the  weight  and  distention  of  the  bowel  induces   increased    }x:»ristalsis 
and  the  whole  is  evacuated.     This  increased  peristalsis  i.s  due,  how- 
ever, not  to  any  irritant  action  such  as  has  been  found  to  be   induced 
by  rhubarb  or  cnjton  oil,  but  to  the  large  amount  of  fluid  oonteots. 

If  a  weaker  solution  of  sodium  sulphate   is  administered,  the  only 
difference  is  that  more  of  the  fluid   is  absorbed  and  lesa  reaches  the 
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large  int^tine ;  but  however  weak  the  solution,  mon»  «»f  it  reaches 
the  Imrge  intestine  than  if  a  correspondingly  weak  scjlution  of  common 
salt  bad  been  given. 

If  a  hyperi.^otonic  solution  be  a(lniinistere<l,  the  eifect  is  noniewhat 

Et*rent.      The  salt  is  still   unabsorbed,  but  it  draws  fluid   from   the 
lkI   into  the  bowel  from  its  having  a  higher  osmotic  pressure  than 
blood.      A  similar  dniiriing  of  the  body  fluids  occurs  wlicn  con- 
trated  solutions  of  eoonnon  salt  reach  the  lM>wel,  but  the  cathartic 
aalta  are  much  more  pc»werful,  iK'cause  they  do  not  pass  out  of  the  bowel 
inlo  the   blood   so  easily.     Instead  of  an  exchange  of  siilt  and  fluid 
^beii^  carried  on  by  the  hhxxl  and   intestinal  contents,  the  h\\nnl  gives 
■ft  Its  fluid   without  any  sufficient  oorapensatiiai  in  salt.      Eventually 
Hfe  intestinal  fliii<l  becomes  isotonic,  and  then  smme  absorption  of  l>uth 
salt  and  fluid  cecum;  in  fact,  some  sidt  ha^  been  abs4»rbed  all  along, as 
the  epithelium  is  not  absolutely  impermeable  to  the  catharties.     But 
muoh  lesi  of  the  sulphate  is  absorbt^d   titan  of  t!(c  chloride  given  in 
aqual    con  cent  rat  ion  J  and  as  a  general   rule  a  strong  solution  causes 
aiich  an  aeeumnlation  of  fluid  that   the  bowel  liecomes  distended  and 
evacuates  ite  contents.     If,  however,  frt^m  any  cause  this  fails  to  occur, 
a  gradual  absorption  follows  and  the  whole  of  the  salt  and  fluid  in  the 
bowel  is  ali^orbed*     These  salts  may  futl  to  purge,  for  exatuplc,  when 
the  bbxHi  luid  tissues  contain  verv  little  fluid,  as  in  animals  which  have 
_hrrn  deprived  of  water  for  several  days  previously.      In  this  case  tlie 
Bmotic  pressure  in  the  l>owel  is  unable  to  draw  fluid  from  the  ooncen- 
rrated  lilood,  which  on  the  other  hand  has  a  higher  attraction  for  the 
fluiil  in  the  bowel  than  usuuL      Hut  wliere  large  quantilies  of  fluid  are 
present  in  the  tissueSi  as  in  cedema  and  ilropsy,  the  saline  cathartics 
^katn  them  through  the  hlmMl  int«j  the  Ijowel,  and  %'er\*  profuse  evacu- 
Hiot!  occurs,  with  the  d isapjwa ranee  of  the  exudate. 
H  There  is  still  some  doubt  as  to  why  the  saline  ratharti**s  are  so  slowly 
^B6orbed  from  the  intestines.      Aeeordiitg  to  one  schmd,  which  believes 
^■at  ID  addition  to  the  physical  forces  a  distinct  cellular  activity  plays 
Tpart  in  the  ulisorption,  the  saline  cathartics  depress  the  living  matter 
of  the  cell.      Another  tht^ory  is  that  the  saline  cathartics  fail  to  j>ene- 
ite  iuto  the  cell,  exactly  as  the  salts  of  the   metsds  fail  to  penetrate 
nil  bhKMl  cells,  that  there  is  a  <listinct  affiniiy  between  tlie  bowel 
ii  the  Hum  and  the  chloride  of  sodium*  but  only  a  much  weaker  one 
llween  it  and  the  eat  hart  i*^,  which  therefore  fail  to  permeate  it.     The 
ter  view  is  probably  the  correct  onc\  althciugh   there  arc  still  difli- 
blticH  to  be  cx|dained   U'tbre  it  cwn  l»e  aiH-eptHl  as  eutii-ely  satisfac- 
ry*      Il3»  acei»ptanc^  ihK>s  not  involve  the  njeetion  of  the  belief  that 
die  csell  ia  actively  engaged  in  absorption,  for  it  is  difBeult  to  explain 
bow  a  solution  nfb?r  penetrating  the  superflcial  layers  of  the  epithelium 
ia  pftflsed  on  from  them  to  the  bliNnl  except  l>y  assuming  that  the  cell 

tereis**s  some  propelling  force,  which  maybeexert*Hi  onlytluring  its  life. 
The  further  question  arises,  why  the  intestinal  epithelium  should  be 
jrmeahle  by  certain  salts  such  as  the  chloride  of  sodium  and  imper- 
flueablc  by  others  (sulphate  of  siMlium),     In  this  relation  it  baa  been 
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statemeDt  is  sometimos;  made  tliat  the  saline  cathartics  act  an 
Jugogued,  f,  e.,  increase  tlie  secretion  of  bile,  but  this  has  been  shown 
ferroneoas  by  a  series  of  cai'eful  observations. 

Temperature  is  often  somewliat  reduced  by  the  action  of  the 
I  cathartics,  but  seldom  raore  than  one  half  decree, 

habitual  use  of  saline  cuthartice*  is  often  efficient  in  Reducing 
Tei^ht  in  obesity,  and  niany  of  the  natural  mineral  waters  have 
&iderable  reputation  in  the  treatment  of  such  catses.  The  way  in 
they  act  i-^  not  understoi>dj  for  though  there  is  often  somewhat 
proteid  and  fat  absorbed  from  the  intestine,  this  apj>ears  too  email 
rmnt  for  the  loss  in  weight.  There  seems  no  reason  to  suppose 
[any  marked  change  in  the  nitrogenous  metabolism  is  induccii  by 
ithartics,  for  the  nitrogen  in  the  urine  is  often  practically  unal- 
in  amount.  The  only  remaining  explanation  of  the  efficiency  of 
I  salts  in  obesity  is  that  they  incretisc  the  oxidation  of  the  fats  of  the 
Ify/presumably  by  altering  tlie  movements  of  the  body  fluids.  This, 
Wrever,  is  only  a  surmise  which  as  yet  is  unsupported  by  known  facts. 
BfThen  purgation  foHows  the  administration  of  a  saline  ciithartic^ 
wnost  of  the  salt  escapes  in  the  faeces^  never  having  been  abst»rbed 
■L  When  the  salt  fails  to  purge,  however,  and  is  absorbed,  it 
Bergt^es  the  usual  exchanges  in  the  tissues  and  is  excreted  by  the 
irioe.  There  is  no  reason  to  supjX)se  that  any  of  it  appears  again  in 
k  stomach  or  intestine. 

Bie  Sulphates  seem  to  pass  through  the  tissues  without  lojurin^  them, 
Ht^ut  littlu  »;tt\>ct  is  obsi^rv^ed  tYoin  injecting  eousiderable  quantities  into 
Hdpod.  When  the  sulphate  km  is  eomhincd  with  a  poiBonous  base  sueh 
^Pllimam  or  miigaesimn,  the  injection  is  of  course  followed  liy  cijuiucter- 
*c  symptoms,  but  the  anion  seems  to  be  eornpiiralively  hiirmless.  It  is 
id  thivi  when  Olauber^s  salt  (Na.^S<l,}  is  jtriven  by  the  mooth,  the  biisie  por* 
Kis  excreted  much  more  quickly  than  the  aeid,  so  that  the  urine  may  he 
Hered  alkaline  temp4:irarily,  Un  the  other  hand  when  sulphate  of  mag- 
Km  14  administered,  the  siilphiite  is  abBurtH'd  sind  appears  in  the  urine  in 
^  quant ity^  while  the  magneHium  remahis  unabsorbed  for  the  mc»st  part. 
*I^e  Phospliates  are  also  very  inactive  atli-r  abs<>rption.  Gam^ce  fouad 
e  orthophosphate  quite  harmless,  white  the  me ta phosphates  and  pyrophoj^- 
k&tes  are  p4>i&c3aoas,  more  especially  the  hiBt.  When  injected  subcutane- 
lily^  or  intravenously,  the  pyrophosphate  of  sodii  inclnces  fatty  de^enera- 
an  of  the  liver  and  he^rt  like  phosphtnus,  but  it  seems  to  be  harmless  when 
toittistcred  by  the  atomaelu  in  which  it   is  perhaps  oxidiKetl  to  the  ortho- 

Rhe  Oitrates  are  rapiiily  oxidized  in  the  tissues  to  carbonates,  and  only 

Rfces  of  the  unchanged  salt  escape  in  the  urine.  The  urine  tuuv  thus  be 
ei^ered  alkaline  by  the  administralion  of  the  citrates,  especially  in  small 
[IliDtitleii  which  are  insufticient  to  induce  purp:ation  (see  hydrates  and  car- 
Xtoatea  of  the  alkalies,  page  540).  The  Tartrates  are  more  slowly  oxidized, 
*d  a  considerable  quantity  is  excreted  in  the  urine  unchan^^edJ  Injected 
tto  the  blood  directly,  the  citrates  and  tartratt^s  seera  to  act  as  heart  jioisons, 
^very  little  is  known  in  reganl  to  this  point. 

Be  Magnesium  Salts  first  aecelemte  and  then  weaken  and  pai-alyze  the 
t  and  depress  the  central  nervous  system,  w^hen  they  arc  injected  into 

vo-rotary  tartaric  acid  is  tuqcH  more  rt*adily  oxiclijced  in  the  body  than  dejctro- 
(Brion^  Ztschr.  f*  phys.  Cheai,,  xxv,,  p.*2SS, ) 


SALINE  CATBARTICS.  541 

iscin^  Preparations. 

ErKKKVEM^EN:^  CuMPOSITOS  (V,  S,  P.),  PULVIfl  BODM  TaRTARAT^ 
I^SSCEKi^  (B.  p.),  SeitUitz  powder. 

>\rder  b  made  up  in  two  papers,  of  which  the  hluo  oue  coutaiDS  a 

'  3  parts  of  RoL'helle  suit  ami  one  part  of  sodium  bifurbomiU*,  in  all 

(1*^0  grs,),  while  the  white  paper  contains  2.25  G,  (38  gra.  B.  1*,)  of 

Tc  UA-id.      When  the  powders  are  dissolved  sepurntely  in  water  luul  tht> 

mixed,  the  tartaric  acid  acting  od  the  bicarbooate  releasei^  carboiilo 

Lh  eftervescence. 

yesii    Ciiras  Effervescent  (IT*  S»  P.)   is  a  dr}'  mixture  of  earboiiate  of 
iuin^  bicarbonate  of  smxIu,  citric,  acid  and  su^ar.     Wheu  it  is  mixed 
I  water  the  citric  acid  actjs  on  the  carbonates  and  c^iuses  effervescence. 
I  teaspoon  fuls. 

Ma}fnemi  Citratis  (U*  8.  P.)  is  a  sidution  of  niagnesiam  citrate  with 

I  of  citric  acid  to  which  potaasiiim  biearbtinate  is  added.     The  whole  is 

lied   tightly  and    effervesc^ts  when    the  cork  is  removt*d.      Io0-4u0  e.e. 

CUroB  Effervfseen^  (TT.  8.  P.,  B.  P.),  a  mixture  of  lithium  carbonate 
iite  with  Bodium  bicarbonate,  and  citric  aeid  (and  tartaric  ai^id,  B,  !*,)• 
J  (60^1 20  grs.). 

ni  Safphnft  Effcrvmcens  (B.  P.)  m  a  mixture  of  Epsom  salts,  sodium 
tart^iric  and  citric  acids,  which  effervesces  when    mixed  with 

60-240  grs.  for  repeated  admin i?4tration  ;  for  a  single  administration 

i  Sulphas  Effervescent  (B,  P,),  a  similar  mixture  contaiuing  the  sul- 
if  soda  instead  of  that  of  ma jiCt^esia.  00-120  gra,  for  repeated  admin- 
jn  ;  for  a  single  administration  1-J  oz. 

'  Phosphas  Effervescetts  (B.  P.),  similar  to  the  above  but  containing  the 

,te  in  place  of  the  sulphate.      Dose  as  for  the  eirervescent  sulphate. 

^tY  Citrolartraa  Effervfseens  (B,    P.),  a   mixture  of  .sodium  bicarb(*nate 

tartaric  and  citric  acids.     It  is  not  purgative  in  the  dose  advised  in  the 

P      60-120  gn*. 

Many  other  effervescent  HI  ixturea  are  used  instead  of  the  ofHcial  ones — 
lo^g  tbem  the  tartrates  and  citrates  of  the  alkalies^  the  acetate  of  mag* 
Biium,  etc. 

The  sulphates  of  sodium  and  of  magnesiumj  the  tartrates  of  sodium  and 

Jjs&ium  and  the  phoi^phatre  of  soda  are  given  in  solution,  the  last  often   in 

Bit-     Unless  under  special  conditions  the  salb?  ought  uot  to  be  in  greater 

JQcentration  than  6-10  per  cent.     Magut^sia  and  magnesium  carbonate  are 

taimistered  in  powder^  sweetened  if  necessary.     The  etFervescent  prepara- 

"arc  always  to  be  taken  in  sedation  in   al>i>ut  a  tumbler  of  water;  in 

ittn  '^^?^^  ^^  which  this  was  not  understood,  severe  riistention  of  the 

kd        hT^     •'^^^rming  symptoms  have  ari-ien  from  the  carbonic  acid  being 

I  ^^  ^   ,  stomai'h.     The  etfervescent  preparations  ought  to  be  kept  dry, 

er\'  c^       '*^"  '*^  magnesium  eitrale  has  t*)  be  kept  tightly  corked. 

*J  preij^"  ^^^  natural   minenil  waters  are  used  instead  of  the  pharmaeo- 

i-Jaino3   ''^*''^'^^-  ^^^  ^^^^  known  purgatives  among  these  being  the  Hun- 

iaMli^es?'**^^''^^'^'^^*^^^^**''^'^^'^^^*^^^'  which  contain  the  sulphates  of  sodium 

^"""^    hut  '^^*      *  Carl  .shad  salts  -  are  obtaine<l  by  the  evaporation  of  the 

-^  ^tTf^^^  rery"   <>f"ten  artificial  imitations.     Many  other  springs  have 

e/Ki'/      '  ^*'^     /*'  ^'^'itiespread  belief  exists  that  the  natural  waters  are 

^^f"/7f    "  'ess  depressant  *^  or  have  some  mystical  virtues  that 

thie  artificial  salts,  but  this  belief  does  not  seem  to  have 

^^     /-»   I>rolwibly  a  survival  of  the  old  religious  belief  in  the 

,  ^^^    '"Springs, 

^  V/'^^'^^**^   the  purgative  salts  are  always  accompanied  by  other 

-^J  y:^^^     ^^^  the  chlorides  of  sodium,  f-alcium,  etc. 

O  ^^^^^^«^  B^*^^*""*  (NaCJiSOJ  has  been  advised  as  an  aperient, 

^^  "^^^U  the  others,  though  it  has  a  more  pleasant  taste. 
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It  ia  very  liable  to  decoinpade  with  the  forniAtiaia  of  ailptuite  of  sodtrl 
X)erbap9  much  of  its  ACtioQ  auiy  be  due  to  the  presence  of  the  latter. 

Therapeutic  TTses.— The  valine  cathartics  are  very  largely  U9 
relieve  t^on^stipatioo,  liabittiat  ooa^tipatiun  seems  to  be  caused] 
iosufficieot  peristalsid,  and  the  slow  passage  of  the  contents  through! 
iote^ines  allows  of  a  mure  complete  absorption  than  usual,  ih 
turn  rendering  the  faeces  hard  and  dry  and  difficult  to  move  ouv 
The  saline  cathartics  increase  the  fluidity  of  the  intestinal  e<^iitiiits,l 
thn^  facilitate  their  expulsion,  and  this  is  probably  the  only  effect! 
Iiave  when  taken  in  email  quantities,  and  especially  in  dilute  solti 
aa  in  the  natural  mineral  waters.  Id  larger  quantities^  however,! 
water  is  retained  in  the  bowel,  and  the  weight  and  distention 
peristalsis,  while  in  sufficient  quantity  they  draw  fluid  from  the  W< 
and  cause  profuse  waterj^  discharges.  When  a  very  complete  €VI 
nation  is  desired,  the  saline  cathartics  may  be  given  along  with  i 
of  the  vegetable  purgatives.  Such  mixtures  are  the  official  BIj 
Draught  (see  Senna)  and  the  compound  powder  of  Jalap.  The  salj 
cathartics  act  much  mt>re  rapidly  than  the  vegetable  purgatives^  i 
common  method  of  combining  their  effects  is  to  give  the  latter  ia  I 
evening  and  the  saline  the  following  morning. 

The  chronic  constipation  due  to  sedentary  habits  is  much  beuefili 
by  the  saline  cathartics,  more  especially  by  dilute  solutions  taken  I 
fore  breakfa^jt.     The  sulphates  and  tartrates  are  harsh  and  unple 
to  the  txiste,  and  the  natural  waters  are  often  preferred,  or  one  of  I 
effervescent  prepamtions  may  be  used  in  those  cases. 

The  sulphates  and  tartrates  are  more  frequently  used  where  a  siDg 
large  dose  has  to  l>e  prescribed  in  order  to  empty  the  bowel,  bat  b« 
also  the  SeitUitz  powder  may  be  advised  instead,  as  being  more  «g 
able  to  the  taste.     These  cathartics  were  at  one  time  used  in  fev^ 
partly  from  a  theory  that  they  reduced  the  temperature  ;  they  ajt*  < 
tatnly  less  liable  to  cause  pain  and  griping  than  the  vegetable  pa 
tives,  and  thus  tend  to  disturb  the  patient  less. 

The  sodium  phosphate  is  often  prescribed  for  children,  either  ail 
powder  to  l>e  given  in  jelly,  or  in  solutiou  iu  milk  or  other  food,  whidll 
completely  hides  its  taste. 

The  saline  itithartics  are  used  to  lessen   intestinal  putrefactfoti,  and 
are  sometimes  very  efficient,  though  they  do  not  act   through  any  an- 
tiseptic power,  but  simply  by  removing  the  putrefying  mass.    Tbej 
phosphate  of  soda  has  been  especially  recommended  in  some  forms  <^ 
*liarrhcea  in  children. 

The  saline  cathartics  are  administered  to  remove  accumulations  ^"  j 
fluid  in  the  body  arising  from  csinliac  or  renal  insufficieocy,  or  (^^ 
an  old  effusion.  For  this  purpose  the  sulphate  of  magnesium  is  u^ 
in  a  large  di>se,  dissi>Ived  in  as  little  water  as  possible  ;  if  purgatioD  dotf 
m*t  follow  in  1-3  hours,  an  enema  may  he  necessary,  or  the  saline m*J 
be  given  along  with  a  vegetable  purgative;  This  fi>rm  of  treain»<'0* 
was  very  popular  at  one  time,  liiit  is  liable  to  weaken  ami  depress  tii<? 
imtiiiit,  and  is  specially  contraindicated  therefijre  in  asthenic  conditions. 
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ethods  of  removing  accumulations  of  fluid 
ielics  (see  caffeine,  theobroraiue,  page  245),  diaphoretics  (see  pilo- 
page  315)^  or  by  cardiau  remedies  {digitalis,  page  440), 
^jiiuretics  the  saline  c^tharties  are  inferinr  to  Dllior  sidts,  such  as 
or  nitrates.  Large*  quantities  of  dilute  solutions  of  the 
salts  are  of  value  in  the  treatment  of  some  forms  of  obesity, 
Hineral  waters  being  generally  prescribed  for  this  purpose,  or  the 
Al  being  sent  to  drink  them  at  their  source^ 
_  aesia  and  magnesium  carl>i>uate  are  less  liable  to  purge  than 
slnble  salts,  and  are  specially  indicated  in  hyperacidity  of  the 
oh  or  in  acid  putrefaction  in  the  bowel.  They  cause  less  irrita- 
Ilfaan  the  carbonates  of  the  alkalies  because  of  their  insolubility, 
It  the  s:imc  time  have  the  ad%'antage  of  acting  jus  mild  purgatives, 
the  lime  preparations  which  are  instil ublc,  tend  to  induce  con- 
ipation.  The  magnesia  j^reparations  may  be  used  also  in  diarrhoea 
I  antacids,  as  they  have  no  irritant  action  on  the  bowel*  Freshly 
rt;p:ired  magnesia  is  recommended  in  arsenic  poisoning  to  form  an  in- 
liable  precipitiite  in  the  stomach,  au<l  in  poisoning  with  acids  it  is 
1  of  value  when  it  «in  be  obtained  readily.  In  both  cases  it  is  to 
Ipven  iQ  large  quantities. 

phosphate  of  aoda  has  been  given  in  various  bone  diseases,  as  in 
and  rickets,  this  treiitinent  being  founded  on  the  l>elief  that 
isaftening  of  the  bonea  is  due  to  the  liiek  of  phosphates  in  the  food^  but 
tere  is  no  reason  to  suppose  that  this  hJtni  i^  correetj  and  the  treatment 
loot  attended  with  success.  In  nises  of  exophthalmic  goitre  the  phosphate 
\  been  recommended,  but  no  ex]>hmation  has  heeu  given  of  itsai*tion  here^ 
^Bome  question  exists  as  to  whether  it  is  really  of  \'alue.^  It  lias  idsa 
I  recommended  in  the  uric  acid  diathesis.  The  phosjihates  have  bet«n 
to  be  of  benefit  in  nervous  diseases^  on  the  theory  that  these  were 
I  the  insutficieney  of  phosphorus  in  the  hminj  and  glyeero-phospluvte-i* 
^been  introduced  for  the  samereasou,  but  hotb  theory  and  pmetiee  have 
IQVed  U>  be  errone^ous,  for  the  animal  or^^anism  is  unable  to  build  up  proteid 
Mllbination^  from  their  inorp^nie  constituents.  The  use  of  sulphate  of 
bdium  in  phenol  pois(^ning»  which  was  at  oue  time  reeoramended,  has  been 
hoiwn  Uj  be  quite  without  effect  ou  the  progress  of  the  intoxication.  (See 
WboUe  Acid,  page  404.) 

1H»  fferrocyanide  of  potassium  has  1>eeu  advised  in  irritant  poi*«oniug  with 
boo  and  copper  salt^,  with  the  hopt*  that  the  insoluble  ferroeyanidea  would 
btlormed;  a  l>etter  treatment^  however,  is  wii.'^hing  out  the  stomach,  and 
^Ajlttkter  part  of  these  salts  is  removed  by  vomiting  in  any  ease. 
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Tlie  Ut«Tmrure  of  saline  cathartics  up  to  1884  is  discussed  by  IIht.    See  al&o  Vegetable 

&y-     Saline  caiheirtics,  Joum.  of  Anat-  and  Phys.,  rvi.  and  xvii.;  alao  in  mono- 
fM»,  Edinbufsrh,  1884- 

hmdom,     Zts-  f.  Win.  Med,,  xiii,.  p.  48. 

Dapper.     Ibid.,  xix.,  p.  371.     Aivh.  f.  Verdauungsknmk.,  iii.j  p.  L 

Joifry.     Berl  khn,  Woch.,  1897,  p.  248, 
^€uUnhain,     Pttuger^s  Arch.,  Ivi.,  p.  579. 

t  curious  antagonism  is  said  to  exiist  between  iodide  of  soda  and  phosphate  of  i^da 
to  the  cardiac  nerves.     See  Barhera^  Pfliiger's  Arch,,  iacviii.,  p.  434  and 
L,  Ijtx.,  p,  126, 
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Kofxttu     Ccntmlbl  f.  PhysioL.  1897,  p.  553. 
HanUntrger.     Arch.  f.  Aiiat  ti.  PhvR.,  1S96,  p.  428, 
imer,     Pfliiger  s  Arch.,  !xjc.,  p,  624. 
FLsmming.     Inaug.  Dina.*  Dorpat  1893. 
Wallart  and  CHuAfiy.     Am.  Joam.  ot  PhysioL,  L,  p.  411.     Pfiugei^s  Ardi.,  1 
202. 

Jmim.  of  Annt.  and  Phya.,  xL,  p»  256.  (Pba 
p.  49. 


QmngeB^  Priestfey  awl  Larm  \dh.  J  mi  m.  o 
fibc^ledk     Zt^hr.  f.  phys.  Chern.,  xv.. 


XIV.  HYDRATES  AND  CAEBONATES  OF  THE 

The  bytlnitej^  and  carbonatts  of  }x>taisiura,  sodium  and  lithium j 
their  pharmacological  action  entirely  to  the  non -metallic  ion, 
13  SO  ranch  raore  powerful  than  the  metal  that  the  latter  may  bej 
counted.     In    the    hydrates    the  active  constituent,  then,  is  — j 
Tlie  oiirhoimtes  and  bicarbooates  dissociate  into  K-  or  Na-  ions  1 
—  COj,  but  the  latter  rapidly  a>ralnnes  with  the  hydrogen  of  the  i 
and  thug  frf:^s  —  OH,  so  that  the  final  etfeet  is  the  same  as  if  a  hj 
had  lK*en  administered,  except  that  the  cjirbonates  are  less  rapidlr  j 
sociated  than  the  hydrates,  and,  less  — ^OH  being  formed,  are  less  vi<j 
in  their  action.     This  hydroxyl  ion,  then,  is  what  induces  the  alka 
reaction  of  the  solutions  and  their  ph a rniaco logical  effect^  the  met< 
ion  only  sennng  as  a  means  of  applying  the  hydroxyl  ion,  buH 
affecting  the  pharmacological  action*     In  other  words  the  alkalil 
(hydroxyl  ion)  of  the  hydrates  and  carbonates  determines  their  acti 
the  metal  has  no  practical  importance. 

It  is  therefore  erroneous  to  take  the  hydrates?  and  carbonates  as  typii 
the  action  of  potassium  or  sodium^  for  in  the^e  the  metallic  action  wi 
leas  distinct  thuu  in  the  chlorides,  the  Cl  ion  being  practically  inert, 
the  hydroxyl  in  exceedingly  poisonous. 

It  may  be  remarked  in  passing  that  the  importance  of  the  reactiool 
tween  alkalies  and  acids  lies  not  in  the  com  hi  nation  of  the  metal  witJll 
anion  of  the  acid,  but  in  the  corabuiation  of  the  powerful  hydroxyl  ion  i 
the  hydrogen  ion  of  the  acid.     In   the  effects  of  potassic   hydnUc  in  I 
stomach,  the  main  importance  is  to  he  attached  not  to  the  pota&'^ic  chla' 
formed  hut  to  the  water  (K  —  HO^H  —  C1  =  K  —  Cl^  11,0),  for  the  \ 
sium  and  chloride  ions  remain  unchanged  by  the  operation  while  the  hyd 
and  the  hydrogen  ions  disappear. 

Action, — ^The  pharmacidogic^l  action  of  this  group  is  due  to  I 
pi>wers  of  neutndizing  acids  and  of  dissolving  proteids  and  changitj 
them  to  alkali- proteids,  and  in  a  less  degree  to  their  saponifying  fete. 
They  have  in  addition  the  ordinary  sidt-action,  and  in  conceoti 
sidutions  withdraw  Huid  from  the  tissues. 

The  solution  of  proteids  by  the  alkalies  and  the  characters  of  1 
comptiunds  tluis  formeil  outside  the  tiody  are  well  known  and  need  1 
W  enlcreil  into  here.    The  same  solvent  action  is  observed  in  the  liv 
tiss^uos  whenever  the  hvd rates  and   carbonates  come  in  contact  wii 
them  in  sufficient  concentration.      The  hydrates  are,  of  course*  mix'ii 
mon*  |xnverful  si>l vents  tlian  the  carbonates,  and  these  than  the  bJCl^ 
Inmates.     In  very  dilute  sohitions  this  solvent  action  is  exercisetl  oof 
on  the  i^U(>erficial   tissues,  but   when  stronger  solutions  are  usedij 
when  ewu  vreak  sokitions  remain   long  in  contact  with  the  tissH 
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tend  to  penetrate  more  deeply  and  cause  widespread  destruction 

corrosion.      Tliese  bociie!?;  form  solnlile  eompoinids  with  the  proteids 

,^  are  only  elowly  neutralized   by  the  tissues,  so  that  no  such  barrier 

rmised  against  their  penetration  as  ii*  raet  by  some  other  corrosives. 

Applied  to  the  Skin  weak  golution^  dissolve  the  8Uj>erfieial  layer  of 

Tttv  niAtter  and   the  oily  secretions  of  the  glands,  and   thus  rlean^^e 

t«  Attr&oe  more  thoroughly  than  water  or  solutions  of  neutral  salts. 

hffi  applied   for  some  time,  they  penetrate  more  deeply  and  e^use 

me  slight  irritation  and   redness.     Concentrated   solutions  dissolve 

^  skin  and  cause  necrosis  of  the  deeper  tissues,  generally  covered 

>>y  II  semitransparent   crust,  whieh    falls   off  in   the  course  of  a  few 

disys  leaving  an  ulcer.      The  siiludoosof  the  carbonates  are  much  less 

c*^rn>sive   tlian  those  of  the  hydr-ates,  and   induce  actual   lesion  of  the 

«l<in  only  under  exceptional  circumstances,  such  its  very  prolonged 

&{)pru*atiou. 

hi  thi*  Month  the  hydrates  and  carbonates  have  a  characteristic 
**  ttlbiline  *^  taste,  and  dissolve  the  su^K^rficinl  layers  of  the  lining  mem- 
bmti*-  and  the  mucus  of  the  secretions.  The  lips,  tongue,  and  gums 
A«<urae  a  briglit  red  color  from  the  irritation  and  feel  soapy  to  the 
touch.  Concentrated  solutions  may  cause  deejj  corrosion,  as  in  the 
skin,  while  very  weak  Sf>lution»  have  m*  effect  except  the  characteristic 

|*»i«te  and  a  reflex  flow  of  saliva.     The  corrosion  caused  by  strong  solu- 
^<>ii.H  i^xtends  to  the  throat  and  cesophagus,  and  may  either  prove  im- 
*^t*diately  fatal  or  may  give  rist.^  to  oicatrrces  subsctpieutly. 
The  <»(rect  of  the  hy<lratc:s  and  carlK>uates  in  the  Stomacli  has  bet*n 
•**tich  iHsputed,  and  even  now  it  is  impossible  to  explain  s<j*me  of  the 
tln^rajKHitic  results.     Small  quantities  are  undoubtedly  nentralizeil  by 
^e  hydrochloric  acid  of  the  gastric  juice  and  act  no  longt^r  from  their 
^kalinity,  but   merely   fn^m   their  effects  as  salts,  if  at  all.      Liirg^»r 
<(tianitiiiS9  render  the  rtMitt^uU  of  the  stomach   neutral  or  alkaline  and 
^thus  prevent  g;vstric  digestion.      Very  concentnite^J  solutions  corrode 
^■iie  walk  of  the  stomach  and  may  prove  immediately  fatal  from  «^ii*- 
^Hng  perforation  into  iht*  peritoneal  cavity,  while  if  the  corrosion  is  not 
^ko  severe,  and  the  patient  recovers  from  the  shock  and  collapse,  gastric 
Blilcer  an<l  cicatrioes  may  result. 

^^      It  U  verj*  frequently  stated  that  alkalies  and  alkaline  carbonates  in- 

dtioe  a  more  rapid  secretion  of  the  gastric  juice.     In  fact,  some  writers 

go  80  far  as  Uy  assert  that  tt  is  impcissilih*  to  n^nder  the  contents  of  the 

stomneli  alkaline  except  by   the  use  of  poisonous  doses,  liccause  the 

gastric  juice  is  so  rapidly  augmented   by  the  alkalies.     This  Mief 

aeems  to  be  founde<l  on  the  old  apln>rism  rontrana  conimnis  iftimulan- 

iur^  which  proves  to  liave  no  greiiter  basis  in  fact  than  other  similar 

dognma*     It  has  Imhti  drmonstrateil  experimentally  in  dogs  that  alka- 

i       line  aarbonates,  whether  given    by   the   nmuth   or  injected   into   the 

^■atofoacjh  through  a  gastric  tistula,  do  not  influence  the  amount  of  the 

^ppslrio  seoredon,  and  Ueichmann  has  recently  shown  that  in  man  dis- 

^ffilled  water  incrt^ases  the  fr(*e  acid  and  the  chlorides  of  the  stomach 

eontmta  ai  nmch  as  an  equal  amount  of  an  alkaline  solution.     The 
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only  satisfactory  examinations  of  the  question,  therefore,  show  thit  die 
alkalies  have  no  efiPect  whatsoever  on  the  adiivitj  of  the  «witt<>fy 
glands  of  the  stomach.  On  the  other  hand,  they  may  affect  thejiii(» 
already  sc^creted  by  making  it  neutral  or  even  aUcaline,  and  may  thtis 
render  it  entirely  useless  for  digestion  and  disinfection.  Of  coumin 
hyperacidity  of  the  sturaach,  tlje  alkalies  may  be  of  benefit  by  lessen- 
ing the  amount  of  free  acid  present. 

Dilute  sniutions  of  the  alkalies  may  act  as  slight  irritantft  to  tin* 
stomach  wall  and  thus  improve  its  circulaiion,  and  lessen  pain,  mjc- 
tation  and  disiention,  very  mueli  in  the  same  way  as  other  flight  ga*- 
trie  irritants,  such  as  the  volatile  oils.  In  the  c^se  of  tlie  carbonates 
and  bicarlxmates,  this  carminative  action  may  be  strengthened  by  tht 
carbonic  acid  liberated  by  the  hydmchloric  acid.  In  addition,  ihey 
tend  to  render  the  mucus  less  tenacious,  or  may  dissolve  it  eompb^ttly, 
and  thus  improve  the  condition  of  the  stomach.  Nothing  is  known  iw 
to  their  effects  on  the  nuivements  of  the  stomach,  or  on  its  power  of 
absorption,  but  if  carbonic  acid  be  liberated,  it  tends  to  increase  ibe 
movements  to  smne  extent. 

In  the  small  Intestine  the  alkalies  have  been  shown  to  have  an  in- 
direct effect,  thmugh  their  diminishing  the  acidity  of  the  gastric  jniee. 
The  secretion  of  the  pancreas  is  normally  stimulated  by  the  pas^g^^  of 
an  acid  fluid  through  the  pylorus,  and  if  the  acidity  of  this  fluid  be 
reduced  by  the  administration  of  alkalies,  a  much  smaller  quantity  «»f 
pancreatic  juice  is  thrown  into  the  intestine.  This  may  again  rt^mier 
the  digestion  less  complete,  although  the  greater  alkalinity  of  the 
intestinal  contents  tends  to  incn*ase  the  efficiency  of  the  pancreatic 
juice  already  secreted.  On  the  other  band,  in  aises  of  hyperacidity  of 
the  stoiiiucb,  the  administration  of  alkalies  nuiy  render  the  contents  of 
the  intestine  \em  irritant,  and  thus  tend  to  allay  catarrh. 

The  alkalies  adminlstererl  in  medicinal  doses  seem  to  have  no  effect 
on  tlie  intestinal  jiut refaction,  for  tlie  doul*Ie  sulphates  of  the  urioe 
remain  uuchangt^d  in  amount.  Kast  states  that  very  large  quantities 
(If)  G,,  ^  oz,)  increase  the  putrefaction,  probably  through  neutmhzing 
the  disinfectant  gastric  juice. 

The  alky  lies  have  been  believed  to  have  some  special  action  on  the 
Secretion  of  Bile ;  thus,  it  has  been  su|>posc^l  that  they  rendered  the 
bile  more  tdk aline  and  tended  to  dissolve  the  mucus  c«jntained  in  il, 
that  they  prevented  the  deposition  of,  and  even  tlissolved  gall-stoneSi 
or  that  they  incn*ased  the  secretion  of  bile  and  thus  swept  tliem  out  of 
the  gall-bladtler.  All  of  those  theories  have  been  overthrown  by  the 
investigatif>ns  of  Stadelmann  and  his  pupils,  who  have  shown  that 
alkaline  salts  do  not  increase  the  secretion  of  bile,  are  not  excreted  io 
it,  and  do  not  cause  any  change  in  its  reaction.  Any  effect  which  the 
alkaline  carbonates  or  hydrates  may  possess  in  hepatic  diseases  would 
therefore  seem  due  to  their  effects  in  the  dundeuum. 

The  prolonged  a<lministration  of  very  large  doses  of  the  alkaline  car- 
bonates and  bicarbonates  causes  chronic  gastro-enterifis  in  animals,  and 
is  said  to  have  proved  fatal  to  them  in  some  instances. 
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The  hydrat<*s  are  probably  Absorbed  in  eomhi nation  with  proteids  or 
carbonates.  Belli  hydrates  and  etirbonutes  «lisa|)pear  rapidly  from 
glomach  aod  iutestino,  although  tiiu  biairbooatt:  of  soda  is  some- 
raes  credited  with  some  hixative  action  ;  this  may  not,  however,  bo 
to  the  same  causes  as  in  the  case  of  the  saline  eatharlies.  The 
q>tion  of  these  bxlies  leads  to  an  increase  in  the  alkalinity  of  the 
tiod  and  tissues*  Even  when  the  alkiili  adrainistered  has  been  neu- 
IzckI  by  the  gastric  juice,  the  body  is  rendered  more  alkaline^  l3e- 
a  certain  ann>nnt  of  the  carbonate  of  the  liloorl  and  tissues  is 
»part*<l,  which  would  nornuilly  have  been  used  to  neutralize  the  hydro- 
oliloric  acid  before  it  <*oul<l  be  reabs^jrbed.  This  condition  of  aug- 
mented alkalinity  ciin  only  last  a  short  time,  however,  as  the  excretory 
glaads  at  once  proceed  to  remove  tlie  excess.  But  this  transient  in- 
OiMde  in  the  alkalinity  of  the  tissues  has  been  supposed  to  influence 
tile  HetaboUsm  very  considembly.  It  is  found  that  outside  the  body 
oertain  bodies  undergi>  oxidation  ranch  sooner  in  alkaline  solution 
Uiao  when  neutral  j  the  example  nii^st  frequently  citt*d  is  pyrogallol, 
which  combines  witli  oxygen  much  more  rapidly  in  the  presence  of 
ftlkAlies.  Fn»ni  this  it  lias  Wen  surmisiHl  that  an  increase  in  thealka- 
liDity  of  the  fluids  of  the  body  must  be  followed  by  an  uci»elerali«m  of 
the  metabolism,  A  large  numlier  of  researches  made  on  man  and  ani- 
mals ia  rt'gard  to  this  jK»int  have  given  varying  results,  but  tend  on 
whole  to  show  that  the  alkalies  have  less  effect  on  the  tissue- 
ige  than  was  ibrnierly  Iwlieved.  The  investigators  of  the  subject 
gt^ncndly  continiMl  their  attention  to  the  effects  <>f  alkalies  on  the 
Iiicts  of  metabolism  excrctcil  in  the  urine,  and  have  found  the  total 
trogcn  excreted  to  be  uncfuinged  in  a  consitlenibie  nnralK»r  of  in- 
to be  slightly  increased  in  others,  and  to  l>e  diminished  in  a 
individuals*  Even  in  tliose  eases  in  which  an  increase  is  observed 
in  the  nitrogen  of  the  urine,  it  does  not  always  indicate  an  increase  in 
the  nitrngenous  metabolism,  for  the  urine  is  often  increased  consider- 
ably and  it  is  evident  that  the  interchange^  of  the  fluids  of  the  tissues 
and  blood  is  augmented  ;  so  that  the  incrt»ased  nitrogen  of  the  urine  is 
accounted  for  by  the  tissues  lacing  more  thoniughly  flushed  out  than 
usual  by  the  alkalies^  which  act  in  the  same  way  as  the  neutral  salta. 
(See  page  4f)4,)  The  effect  of  the  alkalies  cm  the  total  nitrc^n  ex- 
cretion seems  to  vary  considerably  with  the  individual,  and  in  one  and 
I  the  same  person  different  effects  have  been  noted  from  two  salta  which 
^^^ist  in  the  blood  in  the  same  form. 

^H^  Although  the  total  nitrogen  may  be  little  affected  by  theadministra- 
^^Hoo  of  the  alkalies,  the  form  in  whicli  It  is  combintHl  in  the  urine  and 
^Bn  the  l)bK»d  may  lx»  changtHl.  The  ammonia  <d'  the  urine  is  often 
diftiinislu'd  in  amount,  while  the  ui*ea  excretion  is corresjiondingly  aug- 
mcnted.  This  is  especially  marked  in  cases  in  which  excess  of  acid  is 
rormed  in  the  tissues  or  al>snrl)e<l  in  any  way,  and  is  explained  by  the 
fiM3t  that  this  acid  is  ordinarily  nentmlized  by  the  formation  r>f  ammo- 
oia  in  the  tissues  (see  Acids).  When*  however,  fixinl  alkali  is  pn*sent 
in  saffictcnt  amount,  as  when   the  carbonates  are  given,  the  nitrogen 
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as  ammoDium 


salts,  is 


which    woulil  otherwise  have  been  excreted 
formed  into  urea. 

The  Uric  Acid  Excretion  under  the  alkalies  has  been  the  subject  of 
numerous  researches,  but  io  tlio  great  majority  of  these  very  imperfect 
methods  of  estimation  have  been  used.  In  the  few  cases  in  Ts^hicb 
satisfactory  methods  liave  l»een  employed,  the  results  have  been  diver 
gent,  the  uric  acid  l>eing  sometimes  decreased  and  sometimes  incrcoi 
by  the  alkalies.'  This  has  been  explained  by  an  inerea^  or  decrt 
in  tlie  oxidation  having  occurred,  it  being  tacitly  assumctl  that 
amount  of  uric  acid  formed  remained  unchangetl,  but  that  in  the  oi 
case  a  greater  amount  than  usual  was  destroyed  in  the  tissues,  in 
other  a  smaller  amount  than  usual.  It  seems  not  unlikely,  however, 
that  the  true  explanation  is  that  the  local  action  of  the  alkali  od  the 
alimentary  tract  sometimes  causes  an  increasefl  formation  and  destruc- 
tion of  the  leucocytes  and  thus  increases  the  uric  acid.  It  is  tnie  tbut 
Pohl  could  not  detect  any  increase  in  the  leucocytes  of  the  blood  when 
bicarbonate  of  soda  was  exhibited,  but  no  investigations  have  bfen 
carried  out  in  which  the  leucocytes  and  tlie  uric  acid  were  both  esti- 
mated under  the  alkalies. 

As  regards  the  Oxidation  in  the  Tissues,  one  observer  found  the  oxy- 
gen absorbed  and  the  carl>onic  acid  excreted  by  the  lungs  increased  by 
the  alkalies,  while  another  could  detect  no  change.  Another  method 
of  estimating  the  activity  of  the  oxidation  in  the  tissues  has  been  used 
by  Taniguti  and  Jawein,  who  both  found  that  in  man  the  neutral  sul- 
phur of  the  urine  is  increased  by  the  alkalies  at  the  expense  of  the 
ac id  su I pha t es  ;  t h e)^  i n terpret  th is  as  i i »d  r eat  i n g  a  d i  m  i n u  t  ion  of  the 
oxidation  of  the  tissues.  On  the  other  hand,  Heifter  and  Haniack, 
using  the  same  method,  came  to  the  crmelusion  that  the  oxidation  id 
the  tissues  of  the  dog  was  iucreai^ed  by  the  alkalies,  and  this  accords 
with  Munk^s  observation  that  a  diminution  of  the  alkalinity  of  the 
blood  of  the  liorse  lessened  the  oxidation  of  }rhenoL 

The  only  conclusion  which  seems  admissible  from  these  laborious 
investigations,  is  thnt  the  tissue  waste  is  but  little  aifected  in  amcinnt 
by  the  increased  alkalinity  of  the  blood,  and  the  sliglit  changes  ob- 
served may  vary  not  only  in  different  species,  but  in  different  individ- 
uals, and  even  in  the  same  individual  at  different  times.  The  cause 
of  tliis  individual  variation  may  bo  differences  in  the  amount  of  acid 
formed  in  the  tissues,  but  may  also  be  differences  in  the  local  efffi!t  of 
the  alkalies  in  the  alimentary  tract. 

The  organism  ni]>idly  frees  itself  from  the  excess  of  alkali  by  Ex- 
creting alkaline  salts.  This  excretion  occurs  chiefly  in  the  urine, 
which  becomes  less  acid,  or  even  alktdine  in  reaction,  and  in  the  latter 
event  contains  bicarb<inate  of  potasli  or  soda.  As  a  general  rule,'  the 
urine  soon  regains  its  acidity,  but  when  fliirly  large  doses  are  given 
repeatedly,  its  action  may  Iw  kept  alkaline  constantly.  This  is  almost 
always  accomplished  in  man  by  the  administration  of  about  10—15  G, 

'Stadelmnnn  and  his  puxnifl  fount!  tbnt  very  largt*  do^c-«  lesson  the  nrir  acid   in  1 
uriae,  while  Mualier  ones  had  no  efTect  on  it 
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_  1 60— 240  grs.)  of  sodium  earbuiiate  in  24   hours,  Imt   some  persons 

Tcqtiire  a  still  larger  <]iiaotity,  while  others  roijuire  much  1gs8*     A  tem-» 

iirary  alkaline  reaction  lasting  2—3  hours  may  often  be  induced  by  a 

ingle  dose  of  2--3  G.     The  alkalies  have  the  i»ame  effect  on  the  excre- 

of  the  salts  in  the  urine  as  the  neutral  salfs  —  large  doses  increase 

fsodinmj  jKitassium  and  chlorides  of  the  nrine. 

The  Liyection  of  alkaline  carbonates  into  the  blood  induces  a  more  active 
iion  from  the  bronchiiil  mucous  membrane,  acconii»vg  to  Calvert,  while 
nch  foaiid  it  to  have  the  opposite  elfect.     It  is  queatiouahle  whether 
^ftlkaU  is  excreted  here. 

The  blood  of  nibbit»  treated  with  alkalies  is  said  lo  be  more  strongly  ger- 

ulcidiil  than  usual,  and  these  animiiL^  show  greater  resistance  to  infection 

rith  iiiitbnix  t^acilli.     The^e  effects  are  not  due  to  the  increosefl  aikaliaity 

the  blood  directly,  for  serum  is  not  rendered  more  bactericidal  when 

IVlvXi  is  added  to  it  in  test-tube  cxpcriineiiU'^, 

When  dilute  alkaline  solutions  are  tipjilied  to  Isolated  Organs,  they  gen- 
erally increase  their  activity  for  a  time,  but  subsequently  weuken  it,  while 
tron^  solution-^  are  immediately  pt>isouoiLs.     Thus  the  ciliary  movement  of 
]>itheUutn  i*  accelerated  by  dilute  alkalies,  ih^  Rodium  naltn  acting  more 
iron^ly  than  the  pota.<4iuui  because  of  the  poisonous  K-iou  of  the  latter. 
The  fm^:*s  heart  al^i^o  contracts  longer  and  mi>re  strongly  wlicu  it  is  perfused 
ik  chloride  of  sodium   suluiiou   rendered  alkaline  by  carboiuUe  of  so«hi 
Ian  when  the  solution   i:^  ucutrui.     Somewhat   stronger  solutions  iacixnvse 
tonu^  autl  eventually  cau-^«r  systolic  stundstilL     The  arteries  tire  con- 
:^ictcd  in  the  Siime  way  by  contact  with  alkaline  solutions,  and  an*  dilated 
aciil^  are  perfused  through  them.     Some  of  the   secretions  have  atno 
found  to  be  incre^iscd  by  the  presence  of  alkalies,  thus  the  glanda  of 
I  frogs  skin  are  stimulated  by  very  dilnte  alkaline  solutions.     Loch  bos 
raoently  observed  that  the  presence  of  the — ^OH  ion  causes  frog's  muscle 
\  ailisorb  considerable  quantitte:^  of  water  from  a  dilute  salt  solution,  while 
Uie  other  haml  Hamburger  .states  that  the  addition  of  small  quantities  of 
Akiilie'i  to  the  drawn  blood  reduces  the  size  of  the  blood  cells.     Zoetbout 
[ites  that  some  unicellular  organisms  prove  much  more  resistant  to  the 
fcHects  of  the  withdrawal  of  oxygen  when  they  are  placed  in  a  slightly  alka- 
line medium,   and  suggests  as  an  exphi nation  that  the  alkali  autagonixas 
poison  formed  during  asphyxia. 
.Strong  alkaline  solutions  dt^troy  all  living  tissues  with  which  they  come 
i  eon  tact. 

Preparations, 
FotAjbba  (TJ,  8,  P.),  PoTASSA  Caustica  (B.  P,)  (KOH),  potassium  hydrate, 
QAtuitio  potash -^ry  white  pencils  or  fused  masses,  deliquescent  in  the  air 
and  %*er7  oaiBtic. 

FaioBm  cum  Calce  (IT.  8.  P.),  Vienna  paste,  equal  parts  of  caustic  potash 
^}il  tiQsliiked  lime— a  grayish  powder. 
SinUg  (U.  8.  P.)  (NaOH),  sodium  hydrate  or  hydroxide,  caustic  soda,  white 
iinrt!uct»nt  |>encils,  deliques<»eut  in  the  air,  and  very  caustic, 
Liqa*>r  i\»tiiAsie  (IT.  S.  K,  B.  P.),  solution  of  potassium  hydrate^  about  five 
per  cspnt,,  0,5^2  c.c.  (10-30  mins.),  to  be  well  diluted, 
^^     Uquor  S(MLr  (U.  8.  P.),  a  solution  of  sodium  hytlralc  in  water,  about  five 
Htoc?r(H^aL,  1-4  c.c.  (15^00  mins,),  well  dilut^Ml. 

^^T  Liquor  Sodli  EtH^iatts  (B,  P.>,  an  18  per  cent,  solution  of  sodium  ethylate 
^H^n^H^ONa)  in  absolute  alcohoL  It  should  Ix^  recently  prepared,  when  it 
^Hpbnas  a  colorless  syrupy  liquid,  which  decomposes  in  the  presence  of  water, 
^^^ptid  is  very  eaustic, 

W^  PoTASSi'i  Cakbonas  (XT.  a  P,,  B.  P.)  (K.COJ,  a  white  granular  powder  of 
alkaline  reaction,  soluble  in  one  part  of  water,     0,5-3  G.  (5-30  prs.)* 
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Soon  Carbonas  (U.  8.  P.,  B.  R)  (Xa-CO, -h  iaH,0),  colorJe^  /"^ 
with  an  alkaline  reaetioB  zind  Uistcj  soluble  id  about  on^  p«irt  ^' 
0:^2  G,  (,V3U  grs.).  ,^^ 

Sftdii  Carbonas  Ezaiccatus  (U.  S.  P.,  B.  P,),  scMlium  carlx^nate  d^P'?^!^** 
mofc^t  of  it8  water  of  crj^stallization,  a  loose,  while  powder  reseinW'^^  j 

ordinarv  carbonate  in  its  reaction's  and  i^lubilitv.     0,3-1  G.  (o-lSg*^/'     j||    | 

PuTA^sii  BiCAfiBONAS  (IT.  8.  P.,  B.  P.)  (KHGOj,  colorless,  iransp^^^ 
crystals  with  a  saline^  slightly  alkaline  taste  and  soluble  in  three  p»^ 
water,     0,5-2  G.  (10-30  grs,). 

HoDii  BicARBONAs  (U,  8,  P.,  B,  P.)  (XaHCO,),  a  white,  opaque  V^^^qI 
with  a  coul,  alkaline  taste,  soluble  in  11  parts  of  water  at  15"  C\  0.S-*  *^' 
(5-30  grs.)- 

Trochisei  Sodii  Bicari>onatis  (U.  H.  P.,  B.  P.)* 

Sodium  bicarbonate  is  contained  in  the  Mistnni  Rhei  et  Sodie  (U.  8,  P-)- 

Lithn  Otrftoiim  (U.  8,  P.,  B.  P,)  (Li,CO,),  a  light,  white  powder  with  »i» 
alkaline  taste,  soluble  in  80  parts  of  water,  but  more  soluble  in  curbooi^^ 
acid  water.     0.2-0. <i  G.  (3-10  grs,). 

The  preparatiotjs  of  magnesia  and  magnesium  carbonate  (see  pp.  MO-Ml) 
are  prescribed  more  as  antacids  than  as  cathartics^  and  might  be  included  in 
thi8  liHt. 

Numerous  alkaline  mineral  waters  are  used  instead  of  the  pharmftcoptfy 
pre]>anAtionH,  but  as  a  geneml  rule  they  contain  only  ver>'  small  •juantitie^ 
of  tlie  carbonates,  and  perhaps  act  more  through  the  large  amount  of  wat«r 
than  through  their  alkaline  reaction. 

Therapeutic  Uses.  — The  caustic  alkalies  are  used  Externally  to  a 

Hmitecl  extent  to  remove  growths  such  as  warts  from  the  skin*    For 
thii?  purpose  the  potash   pencils  are  employed,  but  they  lire  very  ilt* 
lifjiieseent  ami  it  is  therefore  difficult  to  limit  their  action  to  one  spot* 
and  to  the  biiperlicial  tissues.     Wlien  the  desired  extent  of  cauteriia- 
tino  has  I>een  obtained,  tlie  part  should  be  washed  with  water,  or  with 
vinej^^ar  or  some  other  dilute  acid.     The  Vienna  i>aste  (IT.  S.  P.)  is 
somewhat  milder  and  slower  in  its  action  and  i«  more  easily  contn»lleil. 
The  Bolution  of  sodium  etliylate  (B.  P.)  is  said  to  l>e  less  painful  than 
canstie  |ic>tash»     The  carl>onates  are  also  used  externally  to  some  ex- 
tent, c^hiedy  in  baths,  which  they  render  more  irritant  tn  the  skin,  and 
in  which  tlicy  tend  to  soften  and   remove  the  superficial  horny  layure 
of  the  epithelium  more  than  ordinary  water  or  solutions  of  the  neutral 
salts.     The  carbonates  are  also  applied  in  strong  solution  or  as  a  paste 
in  itching  skin  diseases,  and  often  give  relief. 

Internally  the  alkidiue  eurbonates  and  more  rarely  the  solutions  of 
the  hydrates  are  used  for  their  effect  on  the  stomach,  and  in  casc^  of 
hyperacidity  relieve  tlie  pain  and  eructation  almost  instanrly.  Even 
where  no  excessive  acidity  exists,  the  alkalies  are  often  1:>eneficial  in 
small  quantities,  removing  the  distension  and  disc*omfort  without 
apparently  altering  the  digestion  to  any  marked  extent.  The  bicar- 
bonate of  potash  is  more  frequently  used  Irir  this  purjKvse  than  the 
others,  and  the  solutions  of  the  caustic  alkalies  are  comparatively  rarely 
employed.  Whatever  preparation  h>e  used,  it  ought  to  be  well  diluted 
to  avoid  the  irritant  action  on  the  stomach  wall.  Instead  of  tbe&e 
alkalies  the  carlxinate  and  oxide  of  magnesium  may  l>e  employed  in 
powder,  and  i)OSS€fi8e»  the  advantage  of  not  causing  any  irritation  and 
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:  same  time  have  some  aperient  action.     In  cases  of  hyperacidity 

lies  (antacids)  are  often  given  after  meals,  while  when  the 

ptioD  doc.»s  not  seem  to  contain  an  excessive  amount  of  acid  they  are 

»ed  before  meals,  aod  may  then  be  combined  with  other  stomachics, 

as  bittei^  or  volatile  oils. 

the  alkalies  are  also  administered  for  their  effects  after  absorption, 

here   the   bicarbonate   of  potash    is   m<ist   frequently  prescribed, 

the  hydrate  solutions  are  rarely  used.'      Diabetes  was  fomierly 

in  this  way,  in  the  hope  that  the  oxidation  in  the  tissues  would 

Dcneased,  but  tfiere  is  little  reason  to  suppose  that  the  alkalies  have 

sutrh  effect  on  the  metabolism,  and  it  is  now  generally  accepted 

diabetes  is  not  due  to  a  general  inability  of  the  tissues  to  oxidize. 

erience  too  has  shown  that  the  glycosuria  is  not  lessened  nppreci- 

hy  the  use  of  the  alkalies.     When,  however,  diabetes  induces  an 

ed  acid  formation  in  the  tissues,  as  is  almost  invariably  the  case 

Jits  later  stages,  the  alkalies  are  of  undoubted  benefit  in  neutraliz- 

the  oxybutyric  acid  formed  atid  thus  economizing  the  alkalies  of 

I  hloi>d.     In  dial>etic  coma,  temporary  improvement  may  very  often 

Itttained  by  the  use  of  large  doses  ol"  alkalies. 

In  gout,  rheumatism,  and  the  **  uric  acid  diathesis"  generally,  the 
lies  have  been  used  very  extensively,  partly  in  the  Iioj>e  that  the 
[ised  incre^ise*]  c<3mbnstion  in  the  tissues  would  destroy  a  larger 
Hint  of  the  uric  acid,  and  partly  M'ith  tlie  idea  that  the  uric  acid 
Bg  neutralizetl  in  tlie  tissues,  wr^uld  be  excreted  more  easily  and 
Elld  have  less  tend  en  ey  to  be  deposited.  There  are  some  grounds  for 
Living  that  tlie  alkaline  earVmnates  arc  of  benefit  in  gout  and  rheu- 
lism,  but  neither  of  these  theories  seems  sufficient  to  exphiin  their 
for  no  increase  in  the  oxidation  has  been  shown  to  occur,  and 
(the  other  hand  the  uric  acid  is  not  believed  to  exist  in  either  the 
or  the  urine  in  such  simple  combinations  as  the  urates.  In  the 
tent  position  of  the  uric  acid  ij  nest  ion  an<l  of  the  pathology  of 
diseases,  however,  it  is  futile  to  attempt  to  explain  their  thera- 
ios,  though  it  may  be  surmised  that  the  alkalies  may  inflnenct*  the 
ion  of  the  uric  acid  rather  than  its  excretion.  The  sodium  and 
Hum  salts  have  l>wn  used  very  largely,  and  the  lithium  carbonate 
been  advised  on  the  ground  that  litiiiiun  urate  is  about  four  times 
i  soluble  as  sodium  urate.  Ijithium  has  also  been  administered  in 
form  of  the  benzoate  and  salicylate  in  these  diseases,  in  order  to 
nbine  the  solvent  action  of  the  bose  with  the  effects  of  these  acids, 
kat,  as  in  so  many  other  similar  attempts,  one  of  the  chief  factors  in 
'be  action  lias  been  lost  sight  of;  much  too  snuill  (juantities  of  the 
l^ium  compounds  have  been  given  to  affect  the  reaction  of  tlu*  bl(X)d, 
B  besides  the  salicylate  and  Ijcnzoate  do  not  alter  it  at  all,  as  they 
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neutral   salts.     These  lithium   compounds   therefore  seem    to   be 

rflnons  in  the  treatment  of  these  diseases.     More  benefit  is  derived 

the  treatment  of  gout  and  rlieumafism  by  the  alkaline  mineral 

re  than  by  artificial  preparations,  and  this  is  especially  marked 

^The  a^^tates,  citrates^  etc,  luay  dsKj  lye  Ui>ed  for  Lhia  purpose  ({Mkge  554). 
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Quiniu  acid  has  been  su^^ested  as  a  treatuient  for  gout  on  the  theory  tbt 
it  would  combine  with  glyoocoll  in  the  body  and  thus  prevent  the  furuutioa 
of  uric  acid,  a  theory  based  on  most  unsatisfactory  grounds.  As  a  niallftr 
of  fact  it  has  no  efiect  whatever  on  the  amount  of  uric  acid  excreted,  h 
short  there  m  everj^  reason  to  l)elieve  tbat  these  new  remedies  will  pmvf  no 
more  reliable  than  the  older  treatment  of  gout  and  the  "*  uric  acid  diatbesii/' 

Piperazine  is  given  in  dolutiou  in  doses  of  1  G,  (15  grs.)^  urotropiiie  in  dots ■ 
of  0.5  G.  (8  grs.). 

Bibliography. 

Bmenfhal,     Bcrl  kiln.  Woch.,  1892,  pp.  28  and  7M ;  1893,  p.  805* 

MemleMin.     Ibid.,  1892,  p.  384;  1898,  p  48. 

Meixlit.     Ungar  Arch.  f.  Aled..  Bd.  i.,  p.  364. 

Nkiilai^,     Zbw'hr.  f.  klin.  Med.,  xxiviii.,  p.  350. 

Eiehardifon.     Jtmrn.  of  Exp.  Med.,  iv.,  p.  19. 

OriomkL     Ztsrhr.  t  klin,  MeiL,  xL,  p,  331. 

Lewandote»ki,     Ibid.^  xL^  p.  202. 

UirkL     Arcb.  f.  exp  Pmh.  u.  Pharm.,  xlvL,  p.  321. 


XV.     THE   ACETATE   SERIES. 

As  far  as  their  im mediate  effects  are  concerned,  the  acetates  of  the  fixed 
alkalies  resemble  the  chlorides,  owing  any  effect  they  possess  to  the  ?alt- 
action.  In  the  tissues  however  the  a^-etates  are  oxidized  and  form  car- 
bonates, fto  that  the  efFeets  are  those  of  the  chloride  before  absor|>iiun,  ami 
those  of  the  cjirbonate  snhsequeutly.  They  arc  probably  partly  decom^H*cd 
by  the  hydrochlorie  aeid  in  the  stunuu-h.  and  in  the  intestine  they  are  rapidly 
absorbed.  The  oxidation  seems  to  proceed  rapnlly,  and  is  %*ery  cotnplrle, 
over  y5  per  cent,  of  the  acetate  dij^ijipcaring,  and  only  some  2^  per  cent 
being  excreted  unchanged  in  the  urine.  The  alkalinity  of  the  bloo<i  and  of 
the  urine  is  increa.sed  by  the  acetates  as  by  the  ttarbonatcs,  and  the  aiaowt 
of  urine  is  increased. 

The  oxidation  of  the  acetates,  of  course,  supplies  energy  to  the  body  «jd 
they  are  therefore  foodn  technically,  but  they  are  unable  to  replace  the  fats 
and  carljohydratcs,  as  they  fail  to  Icissen  the  nitrofreuoui*  tissue  change  (codi- 
pare  alcohoK  p.  142).  Praciically  tht^y  are  useless  as  foods,  as  when  given 
in  sullicieut  amount  Ihey  derange  the  stomach  in  the  same  way  as  comiiKni 
salt  and  also  alter  the  character  and  amount  of  the  urine. 

The  acetatc^s  seem  almuj^t  devuid  of  specific  action — they  act  only  as  aalta 
by  changing  the  physical  properties  of  the  body  Huids  or  ad  alkalies  afl^r 
absorption.  The  other  mcmljers  of  the  acetate  series  have  some  actioOf  how- 
ever,  for  the  formate,  propionate,  buty  rate  and  volerianate  of  soda  have  Ix^n 
shown  to  be  very  weak  narcotics  when  they  are  injectc^d  hypodermically  or 
intravenously  ;  this  is  especially  nusrked  in  the  case  of  the  butyrate.  Rather 
more  of  the  formats  escapes  unchanged  in  the  urine  than  of  the  acetate, 
while  the  others  are  apparently  entirely  oxidised.  The  buty  rale  differs  from 
the  acetate  in  !)eing  capable  t*f  taking  tfie  place  of  the  carbohydrates  and 
fats  more  completely,  and  in  thus  leading  to  an  economy  of  the  nitrogenotis 
tissues  of  the  l>ody. 

All  of  the  simpler  salts  of  this  series  are  equally  rapidly  ali»orbed  from 
the  intestine,  but  the  renanthylate  and  the  crtprylate  resemble  the  saline 
cathartics  in  being  very  slowly  absorbed.  Probably  this  holds  also  for  the 
higher  members  of  the  acetic  and  scritiSy  including  the  salts  formed  by  the 
decomposition  of  fats— palmitates,  stearales,  etc. 

The  Lactates  resemble  the  acetates  in  being  almost  entirely  ina^^tive,  but 
they  arc  rather  more  slow^ly  absorbed  than  the  acetates.  They  are  oxidized 
in  the  tissues  fc»r  the  most  part,  and  resemble  butyrates  in  limiting  the  nitro- 
genous waste,  at  any  rate  when  they  are  given  in  moderate  quantities. 
Laetic  acid  is  also  cxcret^Kl  in  the  uriue,  however^  in  considerable  quantity* 
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Preparations. 

Acetic  (U.  S,  P,,  B.  P.),  a  erysUlline  suit  of  pleoBanty  saliDe  taste 
s(i hi  hi e  i Q  wate r.     1-4  ( r.  (1  tVOO  gi-s . ) . 
fjkctloH  (U.  S.  p.)  resemblei?  the  potassium  salt. 
»»ii  Acetas.     (See  page  ooT.) 
^«  L#Rf<iJ»  (U.  8.  R),  1-2  G.  (15-30  grs.). 

lie  of  pnta^h  hiis  been  largely  used  as  a  ditirptir  and  mthfiJxeatment 

aijiid  rhpniiiiitjsm.     It  acta  here  exactly  as  the  alkaline  carbonates  and 

>TUite?.  but  hai*  the  ad\^antafje  nf  nr^t  ni^iit.rnlJTtn|r  t^t^  gi^strh*  jnire.  jjti- 

way  atfeeting  the  fli^rpfiHon  f>T<>Pjj-iriini  jtfl  fillltrartlip*^  ^^llifhtnny  be 

JBQ i y*'*!  hv_^Thj[hitin^  it  in  dilute  80 lu t i tj n . 

be  citrates  of  the  alkalies  may  be  used  for  the  wwue  purpose,  as  they  are 
Ekttic  e^ccept  in  large  quautiiies.     (See  Baline  CatharticSf  p.  540.) 
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ZVL     AMMONIA  AND   CARBONATE   OF   AMMONIA 

LmmoDia  eoliitioa  and  carbonate  of  ammonia  differ  eousiderably 
the  corres|xmclmg  hydmtes  or  earlmiaiites  of  the  fixed  alkalies  in 
ir  effect:?.     The  gas  evapi>rate?5   rapidly  frnra  it:^  watery  solutions, 
tbe   carbonate   pves    off    ammruiia    freely,   so    that   the    effects 
kverr  similar,  although  the  solution  of  ammonia  is  much  the  more 
rerful*     Owing    to   its  volatility,  ammonia    penetrates   more   rap- 
ly  and  det^ply  than  the  fixed  alkalies^  and  at  tlie  same  time  is  less  cor- 
live  and  less  enduring  in  its  effects.     Applied  to  the  skin  in  eoncen- 
solution,  it  may  corrode  to  some  extent,  bnt  ordinary  dilute 
ations  act  merely  as  rubefacients,  like  the  volatile  oils.     Even 
entrated   solutions  do  not  dissolve  the  epidermis   like   tlie  fixed 
line  hydrates,  hut  tent!  to  petiet nUe  througli  it  and   raise  blisters. 
ea  inhaled^  the  irritation  of  the  nasid  mucouB  membraue  causes  a 
stimulation  of  the  vaso-motor  centre,  and  consequent  contrac- 
&I1  of  the  arterioles  and  augmented  blood-pressure,  while  the  respira- 
tii>D  is  first  arrested,  and  then  becomes  deeix^r  and  fuller*     The  heart 
iy  be   temporarily  slowed   by  inhibitory  reflexes.     Three   parts  of 
Qonia  in  10,000  of  air  cause  sneezing,  paiu  in  the  ndse,  and  tears, 
eti  inspired  by  man,  and  5  parts  in  10,000  are  dangerous  when  in- 
for  some  time  (Lehmann). 

jeentrated  solutions  cause  corrosion  of  the  month,  cesophagus  and 
sitnilar  to  that  seen  in  poisoning  with  the  fixe<l  alkalies,  but 
the  vap*>r,  passing  into  the  respiratory  passages,  often  seta  up 
Bm  of  the  glottis,  or  such  swelling  of  tlie  mucous  membrane  of  the 
IX  and  trachea  as  to  induce  asphyxia.  In  cases  of  ammonia 
[loiaoning,  therefore,  the  symptoms  often  arise,  not  so  ranch  from  the 
Bstric  corrosion  as  from  asphyxia,  and  death  may  occur  very  suddenly 
rrom  this  cause.  The  carbonate  of  ammonia,  when  swallowed »  also  causes 
dight  gastric  irritation,  and  in  larger  quantities  nausea  and  vomiting. 
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After  absorption  ammonia  and  it8  carbonate  are  rapidly  chang:ed  to 
urea,  and  tlius  differ  from  the  fixed  alkalies  in  not  renderiDg  the  blood 
more  alkaline^  and  in  having  no  effect  on  the  urine  except  to  iocmtse 
the  urea  and  thereby  cause  some  diuresis* 

The  carbonate  of  ammonia  stimulates  the  central  nervous  system 
when  it  is  injected  into  the  blood  in  some  qnantity,  but  it  is  very 
doubtful  whether  either  the  hydrate  or  the  carlwnate  has  any  gudi 
effect  when  absorbed  from  the  stomach.  (Cf,  Ammonium  Chloride, 
page  500.) 

Preparations. 

Aqua  Ammonifr  Fortior  (U,  S.  P.),  a  solution  of  ammonia  in  water,  eon- 
taioiiig  28  per  cent,  of  the  gas  by  weight. 

Liquor  Ammonue  Fortia  (B.  P,),  32  j  per  cent,  by  weight* 

Aqua  Ammtmiw  (U.  8.  P,),  Liquor  Ammonia;  (B.  P,),  an  aqueous  ftolutwm 
of  anmiuiHii  (if  10  per  cent»  strength  by  weight. 

Spirit ttn  Ammonia  (U.  8.  P.),  an  alcoholic  solution  of  ammonia  containing 
10  per  t'init.  of  the  gm^  by  weij^rht.     1-2  c.e,  (15-SO  mins.). 

SriRiTrH  Ammoni.c  Aromaticuh  (V.  S.  P,,  B,  P/),  Aromatic  Spirit  of 
Hart,sbonij  Spirit  of  Sal  Volatile,  eontuins  ammonia  and  ammonium  carbonate 
along  with  several  volatile  oils  dissolved  in  alcohol,  1— 4  c.c*  (15-60  minSu), 
in  a  gla^  of  water. 

lAnimentitni  Ammoniw  {JJ .  ^.  P.,  B,  P,),  ammonia  liniment  volatile  lini- 
ment, eontaiiis  about  3.5  per  cent,  of  ammonia  (2Jy  per  cent,  B.  P.). 

Ammonii  Carbon  as  (U*  8.  P.,  B.  P,)  is  not  the  pare  carbonate  but  a  mil- 
ture  of  i*omewbat  varying  composition  consiBting  of  cjarbonate  (NH^HCXy 
and  carbamate  of  ammonia  (NH^NH^CO^).  It  releases  ammonia  ia  the  air 
and  hvks  then^ore  its  pmigent  t&ste  and  smell.  It  forms  translucent,  ens* 
tall  in  c  mtisses,  i.s  very  soluble  in  water  and  is  contained  in  the  aromatk 
spirit  of  unimonia.     0.2-O.fi  G.  (J^-lO  grs/)  m  dilute  solution. 

Ammouiu  »»  contained  in  several  of  the  tinctures  of  the  B.  P.  (ammoniflt*^ 
tinctures)  and  in  the  Linimentum  Cuuiphoraj  Ammoniatumj  etc^ 


Therapeutic  Uses,  —  The  aqueous  sohitiotis  of  ammonia  are  com  para* 
tively  rarely  emphiyed,  although  the  strong  solution  has  been  advised 
as  a  vesicant  in  cases  of  renal  disease,  in  which  euntharides  is  contra- 
indicated.  The  ammonia  sirhition  has  to  be  covered  by  a  watch-glass 
in  order  to  ]>i-event  its  evaporation,  and  is  said  to  be  more  painful 
than  other  vesicants.  The  liniment  is  used  as  a  rubefacient  in  bruiser 
and  in  other  similar  conditions.  The  gas  arising  from  ammoDiun] 
carJ_M>nate  is  often  inlialed  in  cases  of  fainting  or  collapse,  in  order  to 
elicit  reflex  stituulution  of  the  medullary  centres.  The  ordinary 
**smellijtg  salts  '^  used  for  this  ])nrpose  consist  of  the  carbt>nate  reinforced 
with  some  of  the  strong  solution  and  flavored  with  oil  of  lavender. 

The  aromatic  spirits  of  ammonia  and  the  carbonate  (in  solution)  are 
used  as  niitd  gastric  stimulants  in  debility,  flatulence  and  alcoholism, 
and  are  very  efficient  for  a  short  time.  Large  doses  of  the  carbonate 
(2  O.)  have  been  used  as  emetics,  and  are  less  depressant  than  many 
others,  such  as  tartar  emetic  or  ipccacnanha. 

The  carbonate  of  ammonia  and  the  spirits  or  even  the  ordinary 
water  of  ammonia  are  often  given  in  cases  of  c<illapse  or  sudden  heart 
failure.     They  are  generally  administered  by  the  mouth  and  probably 
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not  directly  on  the  heart  and  respiratory  centre,  as  liastH'en 
Deed,  but  reflexly  from  gastric  irntatiim.     They  have  also  been  iu- 
subcutaneously  or  even  intiiivenously  for  this  piirpoj?e,  autl  liere 
ocal  actioD  may  be  reinforced  by  a  direct  action  on  the  medulla 
igat^.     The  action  lasts  only  a  very  short  time,  but  la  often  siiffi- 
to  tide  the  patient  over  ao  aente  collapse.     In  depressjion  from 
different  causes  the  aromatic  spirits  of  ammnnia  is  a  favorite 
ly^  and  probably  owes  its  value  to  its  gastric  action,  antl   nnt  to 
change's  in  the  central  nervous  system.     The  carbonate  is  olk-n 
to  other  expectorant   remedies  to  render  the  broncliial  mucous 
jtioD  more  fluid.     (iSee  Ammonium  Cldoride,  page  500,) 

ng  water  of  ammonia  is  applied  locally  in  snake-bite,  and  is 
ilarly  believed  to  be  very  efficacious.     It  has  no  efft/ct  on  the  tox- 
ins of  snake  poison,  uud  probably  is  of  little  or  no  value  in  these 

BlBLUXiRAPHY. 

Ammoninm  Chloride^  page  ^00. 

Arch,  f.   Hygiene,  v.,  p,  L 

The  Acetate  of  Ammonia  acts  in   the  same  way  as  the  chloride 

y,  but  undergoes  oxidation  in  the  ti issues,  and  the  whole  is  chan^^ed 

,,  so  that  the  ammonia  of  the  urine  is  not  increased,  but  only  the 

In  the  form  of  its  solution,  the  spirit  of  Mindererns,  it  is  used 

diaphoretic  and  diuretic^  and  is  often  prescribed  along  with  more 

111  remedies  in  fever. 


PREPARATIOX8. 

Liquor  Ammonii  Aceiatw  (IT.  S.  P.,  B,  P.),  spirit  of  Minflereni9,  contains 
out  7  per  cent,  of  the  acetate  with  some  free  iieetie  acid  anJ  carbonic  acid 
>d  must  be  freshly  prepared.     10-25  va\  (2-6  U.  drs.)» 

uor  Ammonii  CHraiis  (B,  P.)  resembles  the  aolutlon  of  the  acetate, 
drs. 

XVn,     OXALATES, 

[ilates  (NaOOC — COOXa,  sodium  oxtilatt^)  differ  from  the  acetate 

"not  nndergoing  oxidatioi)  in  the  tissues,  and  in  being  |K>i  so  nous  to 

iiis  of  liviDg  matter.     This  poisoTiou^i  uctioii  is  shown  in  the  iVog  by 

ri  and  Iniiil  pandysis  of  the  ceiitml  iiervoiiB  system,  the  brain  being 

t«d,  then  the  medulla  obk>ngata  and  s]>itial  cortb     Later  still,  the 

. . — : :  i i>n 8  of  t h e  pe ri t>h e ra  I  ne r v es  a n d  t h e  m nscl es  and  h ea rt  a i  e  para- 

80d,  twitehing  and  labrillary  contractions  of  the  voluntary  muscles  often 

lug  observed  first. 

En  tDammals  there  is  apparently  at  first  a  stimulation  of  the  medidlary 
itres,  for  rapid,  deep  breathing  occura  in  the  rabbity  and  vomiting  and 
osea  in  the  dog,  and  according  to  some  observers,  the  arterial  tension  is 
St  iacreas^ed  through  stimulation  of  the  vaso-inotor  eentre.  Later  the 
Ifvenients  are  wanting  in  coordination,  tbe  respiration  becomes  slow  and 
ipnoeic,  the  heart  is  weak,  and  tlie  animal  beeomes  comato^^e  and  dies, 
tnetimeii  in  eon\^l*ions. 
Leases  of  oxalate  poisoning  in  man.  the  early  symptoms  are  great  mus- 
we^knessy  twitching  of  the  muscles,  especially  of  those  of  the  faee, 
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and  even  to  destroy  the  great  majority  of  the  less  resistaDt  foi 
0*2-0.3  per  cent,   solution,  or  iu  the  percentage   in  which  it 
in  the  gastric  juicse.     The  others  vary  in  strength  largely  accordii 
their  acidity,  that  is,  according  to  the  number  of  hydrogen  ioi 
the  amount  of  dissociation.     The  anion  has  also  some  efiect  ia 
eases. 

When  sulphuric  or  nitric  acid  is  applied  to  the  Skin  in  concern 
form,  it  acts  as  a  pcjwerful  caustic,  destroying  the  epidermis  aud 
trating  to  some  distance  into  the  skin  antl  subcutancMJUs  tissue 
which  it  causes  neenjsis.  This  is  of  course  accompanied  hv 
pain,  and  if  much  of  the  skin  is  attacke<l,  by  shock  and  collap^ 
symptoms  similar  to  those  seen  in  severe  burns.  Sulphuric  acid 
La  white,  later  a  brown  or  black  eschar,  nitric  agd  a  yellow,  Hji 
iloric  acid  is  less  liable  to  cause  wholesale  destruction  of  the  s 
but  penetrates  the  epidermis  and  raises  blisters.  The  organic  acj 
aud  |)hoj^phonc  acid  are  still  less  irritant,  but  cause  redness  and  cva 
blistering  when  applied  iu  eoncentratetl  solution.  Dilute  solutions  of 
the  acids  may  act  as  slight  irritants  to  the  skin,  and  often  cause  a  fill- 
ing of  stifliiess  and  numbness,  perhaps  from  precipitating  the  prtiteii. 

The  corrosive  action  of  the  acids  is  much  more  marked  when  tky 
are  applied  to  the  less  resistant  Mucous  Membranes.  Even  small  quHO- 
titles  of  strong  sulphuric  acid  striking  the  eye  are  sufficient  to  destm 
the  sight. 

In  the  Mouth,  (Esophagus,  and  Stomach  the  corrosive  action  iserK 
denced  by  complete  destruction  of  the  mucous  membranes  wliich 
in  contact  with  the  strong  acid.     The  a^sopliagus  and  stomach  may 
perforated,  and  this,  along  with  the  shock  and  collapse,  often  pi 
immediately  fatal,  or  if  the  patient  recovers  temp<irarily,  the  erosw 
may  give  rise  to   cicatricial   contractions  and  death   from  inanitii 
Hydrochhiric  acid  and  the  stronger  organic  acids  are  capable  of  cai 
ing  corrosion  of  the  mucous  membranes,  but  this  is  not  so  exteii: 
generally  as  that  ibllowing  nitric  and  sulphuric  acid.     The  eoi 
from  acids  differs  from  that  from  alkalies,  in  the  tissues  being  shrunken 
hard  and  brittle,  while  af*ter  a  caustic  alkali  they  are  soft  and  swolb 
and  have  a  slimy  soapy  appearance. 

The  symptoms  of  corrosive  acid  poisoning  are  intense  pain  in 
mouth,  throat  and  stomach,  vomiting  aud  often  diarrhoea,  shock 
collapse,  with  rapid,  weak  pulse  and  shallow  respiration.     The 
perature  is  often  subnormal,  and  death  occurs  iu  the  course  of  a 
hours.     Wlicn  fuming  acids  are  swallowed,  and  especially  in  yohovi 
witli  hydrochloric  acid,  the  irritant  vapor  passing  into  the  respiratol 
passagi^s  may  cause  s]>asm  of  the  glottis,  or  redema  of  the  larjTUC.t 
prove  immediately  fatal   from  asphyxia.     Even  one  part  of  hydi 
cldorie  acid  vapir  in  20,000  of  air  causes  sneezing  and  pain  i« 
throat  and  cliest  { Lehman n), 

Dihite  solutions  of  the  acids  have  a  characteristic  taste,  and  indiK* 
n*flex  flow  of  saliva  aud  an  astriugent  fet4iiig  iu  tlic  mouth  and  tJ>n 
from  their  causing  a  coagulation  of  the  superficial   layers  of  proteiui 
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[n  the  stomach  they  displace  any  weaker  aenls  from  their  combinatioDB 
fwitb  ba^eSf  and  may  have  Hjtue  antiseptic  action.     The  gastric  juiee  is 
Oortually  acid,  containing  about  0.2  pur  cent,  of  free  hydrochliiric  acid, 
«Dd  this  acid  reaction  is  ea^^ential  to  the  action  of  pi»psiu.    Other  acida 
may  replace  tlie  hydrtx*hIoric  aeid   in  digestion,  and  a  good  deal  of 
Work  has  been  done  in  determining  the  rehxtive  vahte  of  the  acids  for 
Uii«  purpose.     This  is  done  by  adding  different  acids  to  sohuions  of 
pepssin  in  test-tubes,  and  noting  the  amount  of  fibrin  or  other  proteid 
wbich  is  digested  in  the  course  of  a  nomber  of  hours.     These  ex[ieri- 
nieota  have  shown  that  hydrocldoric  is  better  than  most  other  acids^ 
bat  ts  perhaps  surpassed  by  liydndliinrie  and  oxulic  acids  ;  but  the  re- 
Aitlts  deem  to  vary  with  the  partieulur  jx*psin  used,  that  obtained  from 
the  dog  and  calf  differing  somewhat  in  its  relations  to  acids  from  that 
nf  the  chihl.     Their  piisouoos  actirm  pree hides  the  nst^  of  eitlier  tin- 
one  or  oxalic  acid  in  the  st4>mach,  and  the  other  acids  seem  inferior  to 
hydrochloric  acid,  so  tliat  both   clinical   experience  and  experiment 
point  to  the  last  as  the  most  suitable  acid  for  use  in  the  stomach. 

The  acids  are  absorbed  from  the  alinientiiry  c-anal  fairly  rapidly  in 
most  csises.  In  the  Blood  and  Tissuea  tliey  tlo  not  exist  as  aeidn  but 
i$alts^  for  the  reaction  of  the  bl<Mid  must  remain  slightly  alkaline 
irougbout  life,  and  if  sufficient  acid  be  given  to  neutralize  the  alka- 
lies of  the  body,  the  animal  dies  before  the  blood  liecomes  neutral,  al- 
loitgh  lifter  death  it  may  bt»  fonnd  to  be  acid.  The  means  provide<l 
the  economy  lo  nentiiilize  acids  differ  in  different  animals  ;  in  the 
herbivora  the  fixed  alkalies  M*  the  bbK)d  and  tissues  an*  eidle<l  ui>on 
liefly,  and  if  more  acid  l>e  absorbed  than  can  be  neutralized  ljy  these, 
be  animal  dies  ;  in  the  carnivorous  animals  iin*l  in  man,  a  further  pro- 
L*tive  mechanism  exists,  fnr  in  these  ammonia  is  lil>emted  bv  the  tis- 
flies,  and  serves  to  neutralize  the  aeid,  and  thus  saves  the  fixed  alka* 
ies.  The  difference  is  relative  and  not  abs<^)lute,  however,  for  the 
L*rbivora  also  develop  some  animonia,  and  the  carnivora  employ  some 
the  fixed  alkalies  to  preserve  the  nnrmal  reliction  of  the  tissnt^s, 
appears  to  stand  midway  between  the  two  classes,  for  while  am- 
^nia  appears  in  the  urine  after  acid  absorption,  the  fixed  alkalies  are 
also  present  in  excass*  Much  larger  amounts  of  dilute  acids  may 
tben*fore  be  absorbed  withcait  serit)ns  symptoms  by  man  and  by  the 
carnivora  than  by  the  herbivnni.  The  explanation  of  this  differt^nce 
between  the  flesh-esiting  and  the  plant-ealing  animals  is  t*»  l>e  fiaind  in 
.tlie  nature  of  their  food.  Che  fli'sli-eaters  are  accustomed  to  the  for- 
fttion  of  some  acid  in  their  tissues,  bci*ause  the  alkalies  of  their  fcwid 
itisuHieient  to  neutralize  l!ie  acids  formed  by  the  oxidation  of  the 
Urganic  matter,  and  they  Wiiuld  gnu hially  l>e  deprive*!  of  all  their  al- 
kaline twilts,  lherefi»re,  were  they  ni>t  pn)teet€Ml  by  the  fivrmation  of 
immonia.  On  the  other  band,  the  herbivomus  animals  absorb  much 
urger  4puintitied  of  the  organic  salts  of  the  alkalies  in  their  fixxl^  and 
Jiese  forming  carbonates  in  tlic  Iwjily,  serve  to  neutralize  what  acitl  is 
JTormed  in  the  tissues.  In  ortlinary  el  ream  stances,  therefore,  they  have 
no  need  to  protect  the  fixed  alkalies,  and  are  unprovided  with  any 
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meehaDism  for  this  poipose.     When  an  exoeas  of  acid 
they  neatralixe  it  bv  means  of  the  fixed  alkali  of  the  tiflsai 
and  this  leads  to  a  lessened  alkalinity  of  the  blood,  whi 
unable  to  carry  so  moch  carbonic  acid  from  the  tissues  to 
Thus  in  acid  poisoning  in  rabbitSy  the  alkalinity  of  the  Mi 

found  to  be  so  greatly  redooed  that  instead  of  containing  so: 

umes  of  carbonic  add  per  cent,  of  blood,  it  carried  only  t%ro    ^f^^ 
per  cent,  or  very  little  more  than  could  be  dissolved  in    tA^  ^ 
amount  of  water.     When  this  occurs,  the  tissues  are  unab/e   ^^  "^ 
themselves  of  their  carbonic  acid/  and  a  series  of  symptoms  ibl^^ 
commencing  in  deep,  labored,  rapid,  afterwards  shallow  tespirst^^^ 
the  heart  is  weak,  a  condition  of  collapse  follows,  and  eventaa/Zf  ^^ 
respiration  ceases,  the  heart  continuing  to  beat  for  some  time  long^' 
The  quantity  required  to  poison  a  rabbit  in  this  way  is  aboai  1  G.  <^ 
hydrochloric  acid  for  each  kilogm.  body  weight     The  iDJectiOD  cf 
sodium  carbonate,  even  in  the  la^  stage  of  intoxication,  is  followed  bf 
rapid  recovery,  from  more  alkali  being  supplied  the  blood  and  tiflBoefl^ 
while  other  carbonates  are  not  so  useful  owing  to  the  action  of  the 
basic  ioD.     The  blood-pressure  in  rabbits  is  much  reduced  by  the  adds, 
from  depression  of  the  vaso-motor  centre  and  the  heart     In  camivoa 
and  man,  the  absorption  of  dilute  acids  does  not  alter  the  alkalinit;of 
the  blood  to  any  marked  d^ree,  and  no  serious  symptoms  arise  iron 
this  cause. 

The  salts  formed  in  the  blood  and  tissues  after  the  absorptioQ  of 
acids  are  rapidly  Excreted  by  the  kidneys,  which  however  retain  tt 
much  alkali  as  possible  in  the  body  and  thus  excrete  the  salts  in  an 
acid  form,  and  perhaps  some  free  acid.     Hence  there  arises  in  some 
cases  irritation  of  the  kidneys,  with  albumin  and  even  blood  in  tk 
urine,  which  is  rendered  more  acid  than  usual  and  causes  a  seneation 
of  heat  and  smarting  in  the  bladder  and  urethra.     In  the  herUvora, 
the  reaction  changes  from  alkaline  to  strongly  acid,  and  large  quanti- 
ties of  the  salts  of  the  alkalies  appear,  while  in  the  camivora  some 
increase  in  the  sodium  and  potassium  of  the  urine  occurs  along  with 
a  much  greater  increase  in  the  ammonia.     The  total  nitrogen  is  some- 
what increased  from  the  large  amount  of  ammonia,  but  the  urea  is 
slightly  decreased.     Some  authors  have  found  an  augmented  excretion 
of  lime  in  the  urine,  while  others  state  that  it  is  less  than  usual. 

Not  infrequently  fatty  degeneration  of  the  heart,  liver,  muscles  or  kidney 
has  been  observed  in  corrosive  acid  poisoning,  when  the  patient  survived 
for  a  few  days,  and  Fraenkel  and  Reiche  found  a  form  of  necrosis  of  the  renal 
cells  in  these  cases.  These  changes  are  not  due  to  free  acid  in  the  blood, 
but  their  exact  cause  has  not  been  satisfactorily  determined. 

The  prolonged  treatment  of  animals  with  acids  has  been  found  to  be  fol- 
lowed by  anaemia  and  loss  of  flesh  and  strength,  which  are  probably  atlri- 
butable  to  the  disturbance  of  the  digestion  and  not  to  any  specific  action  of 
the  acids. 

'  This  is  the  explanation  universally  adopted,  but  Loewv  and  Munzer  have  reoentlj 
shown  that  some  additional  factor  is  involved  in  the  action  of  acids  on  herbivoia. 
Spiro  states  that  in  some  cases  the  acid  is  excreted  in  the  urine  with  greater  difficult 
in  the  herbivora  than  in  the  camivora. 
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i  applied  directly  to  the  living  tissues,  lessen  their  vitality,  and  \m* 
crre   is  sufficient  alkali    present   to  ueytralbe  them,  soon  destroy  it 
in  gome  euse^  they  tend  to  cause  a  temporary  iticrease  iu  aelivity 
lus  the  cilia  of  ciliated  epithelium  have  been  found  to  move  more 
first  in  very  dilute  aeids  and  then  to  cea-se  all  movement^  while 
\  to  be  rendfTed  weaker  atid  less  irritahle  at  once.     As  in  the  case 
ss,  Loeb  finds  that  dilute  acid  caus^eB  muscle  to  j  in  hi  be  more  water 
solution  does,  ami  Hamburger  finds  that  the  red  blood  cells  are 
in  size  by  the  addition  of  small  ijuant^tiesof  acid  to  the  hloorl  out- 
He  body*     The  frog's  heart  is  weakened  and  dilated  by  the  addition  of 
fMLTfnsing  solution,  and  the  ranscular  wall  of  the  vessels  also  re- 
The  addition  of  acids  to  the  blood  tends  to  dejstroy  the  red  cells  and 
[ipose  the  hemoglobin. 

erapeutie  Uses.  —  The  acids  are  used  in  raeiliciiie  only  to  a  limited 
^ut^  and  some  of  the  otficiat  preparations  might  well  be  dispensed 


'  may  be  employerl  to  give  flavor  to  draughts  in  fever  and  in  the  thirst 
etes*^  the  roost  popular  forms  being  those  formed  fioni  fruits,  such  as 
limes,  or  grapes.  The  taste  is  due  to  the  sugars,  acids^  and  volatile 
the  fruits,  and  is  modified  by  the  pre^sence  of  inert  colloid  siibstancea, 
the  |>eetins.  The  acids,  of  which  citric,  tartaric  and  malic  arc  the 
are  v^ry  important  faetoi-s  in  the  eliectT  for  if  these  be  neutralized^  the 
fjiiiees  !>ecome  insipid,  and  do  not  quenth  thirst  f5o  thoroughly-  The  so- 
grape  cure,  in  which  very  large  quantities  of  gnii»es  are  eaten,  owes 
;  of  its  value  to  the  large  amount  of  water  taken,  although  the  acids  and 
.  may  act  lUs  a[K»nents  in  the  same  way  as  the  saline  catlnirtics.  Instead 
t  tiiie  fruit  juices,  carbonic  acid  waters  may  be  advised,  and  occaiiionally 
Iher  acids,  such  as  phosphoric  or  sulphuric,  are  prescribed  to  give  flavor. 

Aeids  are  also  used  in  certain  forms  of  dys|>epsia  in  which  the  hy- 
Imohluric  acid  of  the  stomach  is  deficient.  Ilydrochloricaeid  i^  most 
juently  prescribed  for  this  pur[>€se,  although  nitric  and  nitrohydro- 
ic  acids  have  also  some  repotatioii ;  the  hydrochloric  acid  is 
linly  more  efficient  than  these  in  test-tube  cx|3erimenta  on  di- 
ion.  The  forms  of  dynpep-siu  thus  treated  are  generally  those  aris^ 
from  a  sedentary  life  or  in  tlie  course  of  convalescence,  and  the 
icids  are  often  prescribed  along  willi  the  bitter  stomachics  and  arc  to 
W  taken  about  half  an  lioiir  before  meals.  Irritation  of  the  stomach, 
tthyperacidity  of  the  gastric  juice  is  of  course  a  contraindicatiou.  It 
Hi  be  femarkeil  that  recent  researches  on  the  gastric  juice  have  shown 
Rt  the  pepsin  is  excreted  in  actual  combination  with  the  hydro- 
mmc  aci<l,  so  that  it  would  seem  to  be  innx)ssible   to  completely  re- 

PK  the  deficiency  of  acid  in  the  stomach  by  giving  hydrochloric  acid 
the  mouth. 

In  cases  of  alkaline  poisoning,  the  acids  are  the  natural  treatment ; 
Eie  organic  acids  .should  he  preferred  for  this  pur|Kv,«e»  as  they  are  less 
Ue  to  cause  additional  corrosion,  and  acetic  acid  in  the  form  of  vine- 
\u  more  likely  to  be  at  hand  than  any  other. 

every  case  in  which  acids  are  prescribed  internal Iv,  they  have  to 
iveii    largely  diluted,  as  otherwise  they  irritate  the  throat  and 
Qach,      They  are  taken  thron^'^h  a  ghiss  tube,  in  order  to  prevent 
as  possible  their  action  on  the  teeth. 
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Strong  acids  have  some  effect  iu  arresting  haemorrhage  (styptic*) 
when  applied  directly  to  the  bleeding  puiut,  but  are  much  iaferiorto 
some  of  the  oietallic  salts^  such  as  the  iroa  perchloride. 

Externally,  the  acids  are  used  to  some  extent  as  corrosives,  strung 
nitric  acid  being  not  infre(|Uently  used  to  destroy  small  tumor>jo 
cauterize  the  os  uteri  and  ibr  similar  objects*  Its  action  is  mureea?ity 
localized  than  that  of  jKJtash  and  on  the  other  hand  is  mt»re  jwwerfut 
than  the  metallic  salts  such  as  silver  nitrate  und  zinc  chloride.  In 
dilute  solution,  they  are  sometimes  applied  to  the  skin  to  lessen  ex- 
cessive local  sweating  and  diluted  vinegar  is  often  used  to  spt^nge  fever 
patients. 

In  cases  of  corrosive  Poiaoning  with  acids^  the  first  indication  into 
neutralize  the  acids  as  far  as  possible  by  giving  alkalies*  These  ought 
not  to  be  in  themselves  corrosive,  and  the  best  antidote  is  therefore 
the  insoluble  magnesia  and  magnesium  earlxinate.  Lacking  ih^f., 
tim  most  readily  accessible  alkali  is  the  best,  and  the  lime  niav  Ine 
scraped  fnjui  walls  or  ceiling,  or  chalk,  soap,  or  wood  ashes  may  k 
given^  The  walls  of  the  stomach  and  cesophagu^i  may  also  be  ppv 
tected  by  giving  milk  or  white  of  egg,  or  the  aeid  may  be  rendered 
less  corrosive  by  diluting  it  with  large  quantilica  of  water, 
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Xoeiey  u.  3/uTum     Arch.  f.  [Anat.  a.]  Phys.,  1901,  p.  81. 
^gtiti.     Beitrii^e  z.  ph\-s.  und  path.  Lhemio,  i.t  p.  269. 

Compare  Alkaline  ilydmtes  and  Carbonates,  page  553.     ^  _ 

For  ihe  specific  efiects  of  the  anions  of  the  iicids»  s€e  ciilorides,  phosphates,  acetali^ 
oxalates,  etc 

StOpIimic  Acid* 

Sulphuric  acid  is  one  of  the  moat  corrosive  acids  when  it  is  applied  m 
concentrated  form,  and  often  induces  complete  charnng  of  the  tis!^ueS|  and  ft 
conl-hlack  !«kiiigh. 

Aeidum  SufphuHcum  (U.  S,  P.,  B,  P,),  concentrated  sulphuric  acid,  con- 
taining at  least  H2.5  per  cent,  by  weight  of  absolute  sulphuric  acid  U.  Sw  P., 
containing  98  per  cent,  B.  P, 

Aeidnm  Sulphuricum  Dilutum  {U.  S.  P.,  B.  P.)  contains  10  per  cent.  U.  B.P., 
13, no  per  cent.  B.  P.  of  absolute  sulphuric  acid.     0.t»-2  c.c.  (10-30  inius.). 

Aeidum  Su^phnncum  Aromfitk^um  (V.  S.  P.,  B.  P.)  is  an  alcoholic  eolution 
flavored  with  ginger  and  cinnamon.  The  U.  B.  P.  preparation  cont^iins  20 
per  cent.,  the  B,  P,  preparation  13.8  percent,  of  sulphuiic  acid.  0.3-1  c.c 
(5-1  f5  mins.)  in  a  glass  of  water. 
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8ulpburic  lictd  and  lis  preparations  are  not  lai^ly  used.     It  is  occasionally 
I  Applied  ai»  %  caustic,  hut  nitric  acid  m  geniTalJy  preferred.     Internally  it  is 
hi^ly  used  as  a  prop  by  lactic  aacl  remetly  hi  lead  poison  iug,  but  it  is  prob- 
I  ably  of  little  value  here.     (See  Lend.)     It  busalstj  been  iidviHed  In  a  nuuiijcr 
jof  condilions,  such  as  diarTh«eii.  cholera,  ni^ht  sweat*^,  hut  has  not  proved 
|effic(&eious  in  any  of  them.     When  prescnbed  internally  the  aromatic  acid  la 
ie  b€«t  form,  but  sulphuric  acid  could  l>e  disspeuiKHj  with  entirely  in  thera- 
peutics* 

Nitric  Acid. 

Nitric  acid  is  equally  or  even  more  corroeive  than  sulphuric  acid.     It 
itia  the  skiu  and  tissues  a  bright  yellow  or  yellowish-brown,  and  this 
ftrves  to  distiuguinh  cases  of  jioisonin^  urnler  the  twoacida. 
Acidum  Nitricum  {11.  8,  P.,  B.  P.)  contains  <>8  [>er  cent,  of  absolute  nitric 
rid  (HXOO  (B*  P*  70  per  cent.). 

Acidum  Nitricum  Ditutum  <U.  8.  P,,  B,  R)  contains  10  percent.  U.  S.  P,, 
l7  44  per  cc^ot.  B.  1\  by  weight  of  al>sohUe  nitric  acid.     0.<3-2  c.c.  (10-30 

A  glass  rod  dipped  in  concentrated  nitric  acid  is  used  as  a  corrosive.    The 
diluti^  acid  has  been  advised  in   dyspepsia,  but  is  generally  considered  in- 
ferior to  hydrochloric  acid,  and  has  been  shown  to  be  much  less  eflicient  in 
tificial   digestion.     It  has  also  some  reputatiou  in  certain  liver  disejises^ 
It  is  supposed  to  be  inferior  to  the  nitrohydroehloric  acid.     Nitric  acid  is 
lly  us<*d  in  sonic  intestinal  conditions  accompanied  by  diarrhcea. 
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Hydrochloric  Acid. 

Hj'drot^hloric  acid  is  less  corrosive  than   the  two  preceding  acids,   and 

taida  to  cause  blistering  on  the  skin  ruthrr  than  uecmsis.     It  may  cause 

actaal  Ituss  uf  substHUce,  however^  when  applied  U)  the  mucous  membranes 

coneenlrated  fornix  and  stains  the  mouth  a  whitish  color. 

Aeidum  Hydrochloncum  (U.  8.  P.,  B.  P.),  muriatic  or  hydrochloric  acid, 

^utains  3L9  t>er  cent,  by  weight  of  the  gaa  HCL     (B.  P.  31.70  per  cent.) 

Acidum  Hydrochloricum  Difudtm  (U.  8,  P.,  B,  P.)  contains  10  per  cent. 

(B.  P.  10.58  per  cent.)  of  hydroehlorio  acid  gas.     0.3-2  c.c  (5-30  mins.)  in 

m  ghMs  of  water. 

CoDcentrat'Cd  hydrochloric  acid  is  scarcely  used  in  therapeutics.  The 
IuUhI  acid  is  often  prescribed  in  dyspepsia  in  which  there  seems  to  be  a 
deficiency  of  the  natural  acid  secretion.  In  ca«es  of  diarrhcBa  in  which 
eJKOOaAive  putrefaction  of  the  intestinal  contents  h  j^resent,  it  may  be  of 
bent^fit  when  prescribed  along  with  other  drugs;  this  action  is  probably 
explained  by  its  disinfecting  the  stomach  contents,  as  the  hydrochloric  acid 
[ef  the  gastric  secretion  normally  does  ;  for  the  double  sulphates  of  the  urine 
^leertuiniy  diminish  under  itv^  use  in  many  cases.  It  is  f^iid  that  hydrochloric 
id  pn^vcnts  tho  lactic  fermentation  in  1  ;  l^DOO  dilution^  and  that  in  iwldi- 
t*»  it#  action  on  the  digestive  ferment  it  increases  the  peristalsis  of  the 
h. 

BrnuoGRApm'. 


ZlA.  f.  phys,  Chetn.,  xiv.,  p.  7-1. 
mrttkftUt     PflURcr'r*  Arch.,  xlvii.,  p.  610. 
K<uL     Maly'n  JAhr^l>eneht,  18K0,  %\x,,  p. 
ZUchr.  f.  klin.  Med.,  xzix.,  p.  »7. 
Krch.  f.  Hygiene,  v.,  p.  1. 
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Nitrohydrochlorlc  Acid, 

KitrohydrtK'hloric  acid  is  formed  by  mixing  hydrochloric  and  nitric  acid, 
|snd  contains  not  only  the  original   acids,  but  a  number  of  decomposition 
product«^  guch  as  chlorine,  ntlroxychloride  (NOCl)  and  nitrous  acid.     The 
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Strong  acid  (oqaa  r«?gia)  is  the  most  powerful  solvent  aad  oxidising  i 
known,  dLssolving  such  refractory  uietaU  as  platiuum  and  gold. 

Aeidum  SitrohydrochJoriciim  (U.  8,  P.)^  uitiumuriatic  acid^  aqua 
formed  by  mixiii|j[  180  part^  of  nitric  acid  with  820  partis  of  hydrochloric  i 

Aculum  yUrohydrochloricum  IXlutum  (U.  &.  P.)  is  foriot*d  by  mixing  T 
of  bitric  acid  with  180  of  hydrochloric  and  diluting  the  whole  lo 
0.6-1  c.c.  (5-15  miuB.). 

Acidutn  Xitrok^rochtoricum  Dilulum  (B.  P.)  is  formed  by  mixing  6  [ 
of  nitric  acid  and  8  parts  of  hydrochloric  acid  with  50  of  distilk-d  w* 
5-20  mins. 

The  diluted  acid  alone  is  used  in  therapeutics^  and  does  not  feem  m>  t 
in  ordinary  d^'sp^epsia  as  the  dilute  hydrochloric  acid,  but  has  sonn 
in  the  treatment  of  liver  diseases  and  jiiundice^  thouj^h  no  exphii 
action  in  these  conditions  has  been  offered.  The  acids  ranuot  acl  ui ; 
except  in  the  alimentary  canal,  but  in  the  nitrohydroehloric  acid  other  ( 
stituentSf  such  as  chlorine,  are  present,  and  it  is  conceivable  that  Kiinrl 
thc!?e  may  have  a  specific  effect  on  the  liver ;  further  proof  would  gieemj 
be  requiiVd,  however,  that  the  treatment  is  really  of  value.  The  add| 
ordinarily  given  by  the  mouth,  but  some  authorities  ad%nse  that  it  he  appli^ 
in  the  form  of  a  foot-bath  or  of  an  ordinary  bath,  and  others  apply  il  * 
compiress  over  the  liver.  These  external  applications  are  stated  to  hr  < 
more  elBcmeions  in  hepatitis  than  the  internal  administration,  and  tUi«  i 
Otkltj  to  strenirthen  the  doubt  of  the  value  of  the  remedy,  for  it  is  contj 
lo  alt  experience  that  such  bt»dics  should  he  absorbed  in  any  quantity 
the  skin,  and  their  local  action  as  cutaneous  irritants  does  not  dilltT 
that  of  other  drugs. 

Phosphoric  Acid. 

Plioephoric  acid  b  much  leas  corromve  and  irritant  than  the  other  iDtiifi 
adds,  hut  in  large,  concentrated  doses  may  c^use  gastro-enteritis, 

Aeidum  Fko^Mwieum  {V,  S.  P.)  contains  85  per  cent*,  Aeidum  Photfhori* 
emm  Chmtcmtrmimm  {B,  P.),  66.S  per  cent  of  absolute  phosphoric  acid  (H,POj 

Aeidttm  nmpkmiemm  Dituium  (U.  S.  P.,  B.  P.)  contains  10  per  cent,^  T.f 
P.,  and  13.8  per  cent,^  B.  P.,  of  phosphoric  acid.     0  3-1.3  c.c.  (5-20  i  " 

Phcisphoric  acid  has  been  used  to  some  extent  to  form  cooling  dma 
fever.     It  has  also  been  prescribed  in  various  cachectic  conditions 
liitory  that  these  were  due  to  a  deficiency  of  phosphates  in  the  food  tm 
tiniica ;  but  it  has  never  been  shown  to  be  of  any  benefit,  and  experim«iti' 
Wto  proved  that  the  animal   tissues  are   unable  to  build  up  phosphorw 
compounds  &om  the  inof^ganic  phosphates. 

Snlphnrons  Acid, 

SuVphtiFaQs  acicl  differs  frc»ra  the  precedinjcrmembers  of  the  group  iaJ 
Its  powertul  rediiciiig  acticKD,  thnough  which  it  betN^mes  oxidized  tosiJ-f 
phuric  acid,  antl  which  renders  it  stroDgly  ]K>isc*nous  to  protoplasm 
geueml,  cjuite  afiart  from  its  acidity.     Suljthurous  acid  anbydrWe  U 
acctmlinglv  used  to  a  considerable  extent  to  disiDfect  rooms  and  forni-l 
tare  al\er  inft^ious  diseases;  for  this  purpose  sulphur  is  burned  intbe  i 
wkrHj  which  otight  to  be  rendered  as  air-tight  as  possihle,  and  tke 
fiwiea  are  altowinl  to  act  for  several  hours  before  the  room  h  ventHattil 
To©  value  of  this  method  of  dtsiofection  has  been  called   in  qut'j^ticin 
but  thew>  is  no  dotiU  that  sulphtiioas  acid  gas  is  fairly  germicidal  vheti 
it  IS  appliet)  along  with  moistiir^.     It  is  not  capable  of  Piich  a  widcitp- 
P|*^*^*^  ^  formaline,  becati^e  sulplmrous  acid  bleaches  many  cotorwg 
"  and  the  procedure  is  open  to  the  objection  that  it  Dmy  !«*'  • 
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of  security  which  is  quite  unwarraDted,  and  may  lead  to  the  neg- 
tt-t't  ufotlaT  measures*  The  disinfection  to  Ix;  of  any  vahie  must  be 
tli*>roughly  carried  oat,  aod  can  only  be  appUed  to  inaiiimateobjectSjas 
tbe  fumi^ts  are  fatal  to  the  higher  animals,  even  when  much  less  oonceu- 
tt^ti^d  than  are  necessary  to  destruy  haetcria.  In  order  to  be  of  service, 
•t  leftsl  one  volume  of  SO^  ought  to  be  pi-esent  in  each  htnidred  volumes 
of  air,  and  even  this  eoneeiitnition  is  in>iufficient  to  destroy  tlic  sporca  of 
bttcUrrisL,  Novy  •  rci'imimends  3-0  pounds  of  sulphur  tofe  burned  for 
^mbh  1,000  cubic  feet  of  s|iace;  the  wiJls  and  flw^r  should  be  sprLiyed  with 
water,  and  the  room  must  be  kept  perfectly  clos«xl  for  at  least  20  houra, 

The  chief  symptoms  of  poisoning  with  sulphurous  acid  are  those  of 
irritation  of  the  mucous  mcmbniiies,  and  if  the  solution  be  swallowed 
llieae  may  not  ditler  from  those  of  the  other  acids.  Sulphurous  acid 
Moetratea  the  tissues  more  rapidly  than  most  of  the  others  owing  to 
Its  gaseous  form,  and  does  not  cause  actual  loss  of  substance  as  sul- 
phuric acid  doe?. 

In  poisoning  from  the  iuhalatimi  of  the  anhydride  on  the  other  hand, 
the  symptoms  arise  chiefly  from  the  rt-^pirat^>ry  tract.  Even  i  u  five  parts 
in  10,000  it  acts  as  an  irritant,  causing  snet^dng,  coughing  and  lachry- 
mation,  and  in  somewhat  gn»ater  concent mtion  it  becomes  entirely  ir* 
respimble  ;  still  smaller  quantities  in  the  air  cause  bronchial  irritation 
and  csatarrh,  when  inhaled  for  eome  time.  Sulphurous  acid  is  neu- 
tralijoed  and  oxidized  for  the  most  part  to  sulphates  in  the  tissues,  or 
probably  partly  in  the  course  of  absorption. 

The  solution  of  sulpbunHis  acid  of  the  pharmacopfleia  is  used  to  a 
limited  extent  as  aii  antiseptic  s^>lution  in  skin  diseases.  It  is  more 
irritant  to  the  bniken  skin  than  many  other  eijually  powerful  antiseptics. 

AeHmm  Suiphuromtm,  Ut  B»  P. — A  Bolntion  of  not  leas  than  6.4  per  cent, 
hy  weight  of  sulphurous  acid  gas  (SO,)  in  wat^r.  B.  P.,  a  solution  contiiiu* 
iag   6.4  per   cent,   of  hydrogen    sulphite  Ul^O^)  (M>rre^poudiiig  to   5   |ier 

H  cent    by  weij^ht  of  sulphnrous  anhyiliide  (SO,). 

H  Hydroflaoric  Acid  is  Htrougly  corrosive  and  prevents  the  growth  of  bac- 
I  term  in  t»olutioiis  of  one  per  mitle.  After  abdorption  it  inducer  tbe  speoifle 
■  fluoride  action  (aee  page  525). 

^^^1  Organic  Acids  of  tbe  Fatty  Series. 

The  organic  acids  have  a  much  less  marked  local  action  than  the  inor* 
giinie,  cnumng  little  or  no  corrosion  unless  when  upplitHl  t^j  luucous  sttrfiiees 

■  In  very  concentrated  forra.  They  are  ol>Morhe<l  ai*  salts  of  the  alkalies,  but 
do  not  utf  a  general  rule  reduce  the  alkalUiity  of  the  blood  or  render  the 
nriue  more  aeid»  because  they  an*  oxidixe«i  to  earlutnatefl  in  the  tiflsues.  Ox- 
alic acid  is  the  chief  exception  to  this  rule,  but  the  sjiecific  action  of  the  ox- 
ahite.s  H  powerful  enough  ti»  couceal  the  acid  action  to  a  great  extent. 

Acetic  Acid  applied  in  concentrated  solution  to  the  skin  cauees  irritation 
and  eongi«*tion  and  eventually  blistering,  but  do<w  not  induce  necro«i«  ex- 
cept of  the  roost  FUi>erficijil  layers.  The  congesition  l«  often  followtMl  by 
niarke«l  pallor  instead  of  hy  blistering  ;  and  this  has  been  explained  by  con- 
Iraction  of  the  ve««el><,  but  may  be  tluo  Ui  a  prt^cipitiition  of  the  proieid«  of 
skin.  In  the  mouth  and  stomach  it  acts  as  an  irritant,  causing  vomiting, 
pain,  collapse  and  even   death  ;  the  epithelium  i^  found  thickejied 

*2h9fmd  Wmh.    Mtdkal  ^Hew^  IxxiLp  p.  641. 
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aod  occasionally  contains  hsemorrhages*  Dilute  acetic  acid  (vinegorl  his 
little  eflect  apart  from  its  acid  taste,  aud  is  used  largely  as  a  flavoring  agent 
and  condiment.  The  prolonged  use  of  large  quantities  may  however  giv« 
rise  to  gastric  irritaiion  and  to  loss  of  appetite  and  weight. 

Aeidum  AreHcu7Ji  Glacictie  (U.  S.  P.,  B.  P,)  (HC,HjO^  is  almost  absolute 
arctic  acid  (99  per  cent,),  and  becomes  erystalliue  at  a  temperature  some- 
what below  15°  C.  (60''  F.), 

Aridujfi  Aeelk'utn  (U,  B.  P.,  B.  P.)  contains  36  per  rent,  of  absolute  wHk 
acid  U.  8.  P.,  m  per  cent.  B.  P. 

Aculum  Acefhum  DUutum  contains  6  per  cent,  of  absolute  acetic  acid 
U.  8,  P,,  4.27  per  cent.  B.  P.  DiUite  acetic  acid  is  used  to  form  the  oJJieifll 
aceta  except  the  Acetnni  Cantharidis,  B-  P.,  2-8  c,c.  {\-2  fl.  drs.). 

Acetic  acid  is  sometimes  applied  to  the  skin  as  a  slight  local  irritant  ij 
contusions,  utid  in  very  dilute  sfdutiuns  to  cool  the  surface  aud  to  pr^v 
excessive  local  pei-spi ration.     It  has  been  used  as  u  styptic  in  blight  hm 
rhage,  and  nuiy  be  inhaled  for  this  purpose  in  epistaxis.     Vinegar  i^ 
iuliuled  iu  cases  of  fainting,  in  order  to  induce  a  reflex  stimulation 
Vitso-motcjr  centre  through  irritation  of  the  uostrils.     In  eases  of  fK> 
with  alkalies  vinegar  is  often  the  most  convenient  acid  andinaiMr 
less  likely  Uy  do  harm  than  the  inorganic  acids. 

Acetic  acid  itself  is  not  uscmI  as  a  corrosive,  but  one  of  its  derivatives^  tri- 
chlomcetic  acid  (CCl^COOH),  has  been  employed  with  good  results. 

Formic  Acid  resembles  acetic  acid  in  most  points,  except  that  it  is  murt? 
volatile  aud  more  irritant^  that  less  of  it  is  oxidized  in  the  tissues,  and  tbt 
gi%'en  in  large  quan titles  it  is  said  to  induce  nephritis.  It  ia  not  used  io 
therapeutics. 

The  other  acids  of  the  acetic  acid  series  resemble  acetic  acid  in  their  ef- 
fects, but  seem  to  become  less  irritant  as  they  become  more  complex  aad  leas 
easily  dissociated. 

Lactic  Acid  resembles  acetic  iwid  in  its  behavior  in  the  organism  {sw 
paf^e  554),  It  was  suggest ed  at  one  time  that  sleep  following  muscular  ex* 
ertiou  was  due  to  the  lactic  acid  formed  in  the  rau.^cles,  and  this  acid  wa? 
therefore  recouimeniled  as  a  bj'piiuticj  l>nt  has  been  shown  to  be  of  no  valo» 
for  this  purj»ose.  Kickets^  rheumatism  aud  uther  disea-^es  were  also  at  one 
time  attributed  to  the  exce.saive  foniiation  of  lactic  acid  in  the  tissues,  bat 
this  theory  is  tmly  of  historical  interest,  lender  the  imjiression  that  lactic 
acid  was  the  normal  acid  of  the  ga^^tric  digestion,  it  was  at  one  time  usediB 
dyspejisia* 

Acidmn  Laciicum  (U.  S.  P.,  B.  P.)  is  obtained  by  the  fermentation  of  milk 
sugar  or  grape  sugar,  and  contains  75  per  cent,  of  absolute  lactic  axlA 
(HC\TI^O^).     It  is  a  colorless  litpiid  t)f  strong  acid  taste. 

Lactic  acid  has  Iwen  used  recently  as  a  caustic  application  to  malignant 
ulcers  and  diphtheritic  membranes. 

Oxalic  Acid  is  frequently  used  as  a  poison  by  suicides,  either  as  such  or  as 
the  aciii  potfissiuni  salt  (salt  of  sorrel  or  essential  salt  of  lemons).  Poisoning 
has  repuiitedly  occurred  from  oxalic  acid  having  been  mistaken  for  magnesium 
sulphate,  vv  hich  if  resembles  in  appearance.  The  symptoms  are  those  of  acid 
poisoning,  along  with  the  specitic  eflecis  of  the  oxalat^^s  (see  page  557), 
Oxalic  acid  is  not  used  in  therapeutics,  although  it  has  been  said  to  be  bene* 
(icial  in  iimenorrhiea. 

Tartaric  Acid  inducer  symptoms  of  gastric  irritation  when  taken  in  large 
doses,  and  has  been  the  can.se  of  fatal  poisoning  in  a  few  ca.ses.  It  is  slowly 
absorbed,  and  some  of  it  escapes  combustion  in  the  tissues  and  is  excreted  in 
the  urine  in  the  form  of  the  acid  tartmte.     (See  Tartrates,  page  5S9.) 

Acidum  Tiirlaneum  (l^  S.  P.,  B.  P.)  (II,CjHjOg),  colorless  crystals  veiy 
soluble  in  water.     0.3-1.3  G.  (5-20  grs.). 

Tartaric  acid  is  prescribed  with  the  carbonates  and  bicarbonates  to  form 
ellervesccnt  drsiugbte  ;  the  tartai'ic  acid  ought  to  be  slightly  in  excess  in  or- 
der to  lend  it-s  plea&iwt  acid  taste,  the  usual  proportion  being  about  eight 
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r  Msid  to  seven  parts  of  sodium  biearbouate.     Those  effervescent  mix- 

[iorilied   with  the  tartrates  a<;t  as  saline  cathartics  in  hirge  dor^ioi  (see 

II).      Tartaric  acid  may  be  prescribed  in  dilute  solutiun  with  sugar 

i  dro(>  of  volatile  oil  as  a  lemonade ^  which  is  cheaper  than  that  formed 

litiic  iicid. 

Add  resembles  tartaric  acid  in  its  action,  but  appears  less  irritant, 

csA^io  of  serious  poisoning  is  recorded  from  its  use.     It  is  slowly  ub- 

Uke  tartariCj  but  seems  to  hie  ahiiost  entirely  oxidized  in  the  tissues, 

CUricttm  (U*  S.  R,  B,  P.)  (H/JJI^O^  |   H,0)  resembles  tartaric  acid 

I  properties  for  the  most  part.     0.8-1,3  U»  (5-20  gi"s>). 

ttpiw  Acidi  Citrici  (U,  S,  P.)  i.s  ordinary  syrup  to  which  one  per  cent,  of 

iikcid  and  spirit  of  lemon  have  been  ad(le<l^  and  is  used  only  ns  a  llavor. 

ic  acid   \s  used  to  form   b.nnonade^  and  eJIervoscent  draughts.      For 

ie  2-4  parts  of  eitrie  acid  may  be  dissolved  in   1,000  parts  of  watcr^ 

I  sug^ir  and  a  few  drops  of  volatde  oil  being  added.     For  eflrerveseent 

'oa-s  about  8  parts  of  the  acifl  may  be  prescribed  along  with  7  parts  of 

^aate  of  soda,  with  directions  to  ilissolvc  the  two  powders  separately ^ 

ie  solutions  and  drink  while  eflervescing.     In  large  quantities  this  mix- 

HA  a  saline  cathartic  ;  in  smaller  quantities  it  may  be  used  to  in- 

the  alkalinity  of  the  blood,  and  to  render  the  urine  less  acid,     (See 

,541  and  555.) 

Be  juice  and  lemon  juice,  which  contain  considerable  amounts  of  free 
^acid,  are  gencnilly  preferrc^d  to  the  ptirc  acid  for  lemonades  to  quench 
jst.      Lime  juice  has  been  found  of  great  benefit  ns  a  prophylactic  in 
reatmenl  of  scurvy,  bnt  this  is  not  due  to  the  citric  aci»i,  bnt  U*  some 
Dloiown  property  of  Ihe  fniit  juices*     Citric  acid  has  been  iLsed  in  rheumatic 
~    dons,  without  any  marked  improvement  being  elicited,  according  to  the 
i  observers. 


XDC.     GALGIUM. 

salts  of  linie  are  present  in  very  large  amount  in  tlie  tissues  of 
*,  and  considenible  interest  attaches  to  their  absorption,  exciN^tioii 
general  action.     They  form  the  great  raass  of  the  inorganic  coo- 
eats  of  the  bones  and  teeth  of  t!ic  vertebrates  and  of  the  shells  of 
ihe  invertebrates.      In  addition  it  has  been  shown  of  recent  years  that 
rare  present  to  a  considerable  amount  in  the  st)ft  tissues  and  are^ 
t,  essential  to  many  fornix  of  living  matter,  and  to  the  activity 
ertain  ferments. 

alciiim  and  the  other  alkaline  earths  differ  from  the  alkalies  in 
9siag  c<jmpamtively  few  very  soluble  salts,  and  they  seldom  effect 
1  cliaDges  in  the  physical  pro|>erties  of  the  fluirls  of  tiie  body  as 
been  descrihocl  under  salt-action  and  chloride  of  sodium.  Even 
^soluble  salts  penetrate  with  greater  diffieidty  into  the  various  tissues 
f  the  body,  which  seem  to  have  much  less  affinity  for  them  than  for 
basalts  of  the  alkalies.  The  general  effect  of  the  ailcinm  ion  will  first 
Hescribed,  and  the  individual  salt.s  will  then  be  taken  up  in  turn. 
^kction-  —The  soluble  lime  salts  are  Absorbed  with  great  difficulty 
rom  the  stomach  and  intestine,  and  retard  considerably  the  absorption 
^f  fluid.  They  would  presumably  have  a  cathartic  action  were  they 
lot  thrown  out  of  s<3lution  very  readily  by  the  alkaline  fluids.  In 
addition  calcium  forms  insoluble  salts  with  all  of  the  cathartic  acid 
^^%  m  that  no  such  double  effwt  can  be  obtained  as  is  seen  from  mag- 
Oejiiuru  sulphate,     (See  Saline  Cathartics,  page  535.)     The  great  pro- 
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portion  of  the  lime  taken  either  in  the  food  or  as  a  remedy,  anqiia 
ably  leaves  the  body  in  the  stools  entirely  unabsorbed,  while  a  i 
quantity  of  it  is  taken  up  from  the  alimentary  canal  whether  the  lin 
administered  in  a  suhible  or  \n  an  insoluble  form.     This  gmall  qm 
tity  circulates  in  the  blood,  probably  in  combination  with  protcids,! 
is  slowly  excreted,  unless  therc  is  a  deficiency  in  the  supply  of  I 
when  it  may  be  utilized  by  the  tissues.     When  larger  quantitieii 
thrown  into  the  blcKid  by  ititravenous  or  hypodermic  injection,  I 
calcium  of  the  blood  remains  abnormally  high  ibr  eome  time,  but  ( 
the  calcium  thus  injected  is  not  in  the  circulation  throughout  ttsi 
in  the  body.     Some  of  it  is  temporarily  deposited  in  eome  nols 
organ,  and  is  gradually  withdrawn  and  excreted  after  the  first  ex(sj 
is  eliminated. 

The  lime  is  Excreted  in  part  in  the  urine,  but  for  th^  most 
through  the  epithelium  of  the  large  intestine.  Al>el  and  Miur 
have  shown  that  some  of  the  calcium  ingested  in  the  form  of  the  1 
drate  is  excreted  in  the  urine  as  calcium  carbamate  (Ca(COjNH^)j)i 
probably  other  salts  may  l^e  eliminated  in  jmrt  at  any  rate  in 
form.  The  carbamate  is  a  very  unstable  salt,  and  breaks  up  in 
nrine,  freeing  carlxinic  acid  and  ammonia,  while  the  calcium  forms  1 
carbonate  of  lime  ;  the  urine  is  often  alkaline  therefore^  and 
strongly  of  ammonia.  Calcium  lessens  the  phosphates  of  the  i 
which  may  be  explained  by  its  forming  ins^ilulile  phosphates  in 
bowel,  and  thus  preventing  the  absorption  of  the  pho^pliates  of  J 
food.  The  small  quantity  of  calcium  absorbed  from  the  aliroenfi 
canal  has  not  been  shown  to  have  any  action  except  in  replacing 
calcium  com|X)unds  of  the  tissues.  Except  under  speciiil  circii 
stances,  the  calcium  of  the  food  is  always  sufficient  to  supply  the  i 
of  the  or^nism,  so  that  lime  salts  giv€*n  as  remedies  have  after  ab 
tion  no  specific  action  due  to  the  calcium,  but  owe  their  activity  tot 
anion  exclusively.  Thus,  eakium  bromide  may  have  some  effect  if 
absorbed,  but  this  effect  is  due  to  the  brnmide  ion,  and  would  lie  the 
same  if  an  equal  proportion  of  sodium  bromide  were  taken  up  bytlw 
bkxMl,  In  the  same  way  calcium  hydrate  when  absorbed  owes  m  ac- 
tivity to  its  alkalinity  (hydroxyl  ion)  and  not  to  the  calcium,  ^i 
apart  from  the  method  of  its  excretion,  has  the  same  effect  in  the  ussm 
as  an  equi\*alent  amount  of  sodium  hydrate. 

Soluble  calcium  salts  iigected  directly  into  the  blood  vessels  seem  to  ** 
poieoaou^,  though  further  study  of  their  action  is  required.  They  M 
accelerate  and  strengthen  the  heart,  and  in  lai^  quantities  bring  it  to  a  ^»^* 
sUU,  and  also  have  a  marked  effect  in  contracting  the  vessels  when  p«;rfa»<J 
thr\»ugli  them.  They  depress  the  eentral  nervous  system,  causing  narwsi^  in<i 
»iwp»  during  which  some  authors  state  that  the  reflexes  remain  unaflkwdt 
while  olhevs  found  them  much  depressed.  These  effects  are  ah*etJl  wbf« 
Um  salts  are  taken  up  from  the  IjoweL  mainly  no  doubt  owing  to  their  ^Jof 
abaorpllon,  partly  periu^  to  their  forming  albuminous  eomp»ouuds  in  thdf 
pa»ag«  into  the  tissncs. 

Uiae  Stazralioa,  —  Exoess  of  calcium  in  the  organism  is  therefor* 
little  to  be  apprehended  from  the  ordinary  methods  of  adrainistrati^t 
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Itme  salu  are  not  used  in  therapeutics  to  induce  cliangt's  io  the 

iism  through  their  presence  in  excess  in  the  blood,  like  other 

such  as  morphine  or  Ptryehnine,     Another  question  arises, 

r,  namely  whether  tlie  organism  oiav  not  he  rendered  abnormal 

I  deficiency  in  the  supply  of  liine,  and  whether  this  deficiency  may 

edied  by  the  adniinistnition  of  c^iileium  salts. 
fie  effects  of  a  deficiency  of  lime  in  the  frwid  have  been  the  subject 
reral  very  careful  investigations,  and  while  the  adult  animal  does 
sin  to  suffer  greatly  from  a  very  ct>nsiderable  reduction  of  the 
aiuni  of  the  food,  young  growing  animals  have  at  the  hands  of  some 
iptlgatnrs  develoj^ed  marked  abnormalities,  resembling  closely  those 
fcved  in  rickets  and  ostiH>mahteia  in  the  human  subject.  In  lime 
vation,  as  in  rickets,  there  is  a  lessened  de[^>osit  of  lime  in  the 
^by  which  retain  their  cartilaginous  consistency  and  show  other 
stations  from  the  normal  condition  ;  in  rickets  the  Ixmes  alone  are 
rolved,  while  in  animals  deprived  of  calcium  the  soft  tissues  also 
^w  a  lessened  content  of  lime  salts.  Deficiency  of  the  lime  in  the 
id  urn tu rally  affects  young  animals  more  than  adults,  because  the 
Pmer  require  much  more  calcium  to  build  up  the  growing  skeleton* 
The  effects  of  the  withdrawal  of  lime  have  been  studie<l  in  some  Iso- 
led  Organs.  Tlius  Ringer  compared  the  behavior  of  tiie  frog*s  heart 
lien  perfused  with  solutions  of  the  salt^  of  the  alkalies  with  that  of 
le  perfustnl  with  the  same  solutions  to  which  minute  tniees  of  lime 
1  added,  and  found  that  the  elliciency  of  the  heart  was  much  in- 
and  that  it  survived  very  much  longer  under  the  latter  coodi- 
\;  Locke  has  recently  shown  that  a  similar  relation  exists  between 
immalian  heart  and  the  inorganic  elements  of  serum.  Lime  salts 
a  similar  effect  in  voluntary  muscle,  which  survives  much 
when  perfused  with  salt  solution  containing  calcium  than  when 
Xlium  chloride  solutions  alone  are  used,  Bt>th  the  heart  and  skeletal 
cle  eventually  cease  to  contract  on  electrical  stimulation  when  j>er- 
with  physiological  salt  s^tlulion,  but  recover  again  when  traces  of 
I  salts  are  added  to  it.  In  the  sanu?  way,  the  irritalnlity  of  the 
^  ner%'e  persists  much  longer  in  salt  solution  containing  a  lime  salt 
in  unmixeil  salt  solution,  and  may  1>e  restored  by  the  addition  of 
when  it  lias  disappt*ared  after  the  prolongwl  action  of  the  0.6 
&nt.  chloride  of  sodium  solution.  Ciliatetl  epithelium  ccmtinues 
ive  rhythmically  much  l(mgt*r  in  lime  sttlntion  than  in  distilled 
r,  in  which  it  swells  up  and  rapidly  loses  its  activity.  This  prob- 
ly  explains  the  observation  that  some  fish  die  very  soon  in  distilled 
iter  but  survive  in  water  in  which  traces  of  lime  are  present.  Lime 
^ao  necessary  for  the  development  of  various  ova  ;  for  instance,  frog 
■hi  kept  in  water  devoid  of  lirae  salts  fails  to  develop,  or  develops 
trormally. 

Lime  salts  are  also  indispensable  in  some  prrjcesses  which  are  not 
rpendent  on  the  pre^sence  of  living  cells.  Thus  rennet  does  not  coagu- 
milk  except  when  a  lime  salt  is  present,  and  the  Coagulation  of  the 
may  be  prevented  by  precipitating  its  calcium  salts  in  the  form 
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of  oxalates,  Hammersten  has  recently  shown  that  the  lime  salt 
not  necessary  to  the  formation  of  fibrin,  for  this  occurs  in  os 
aolutions  if  fibrin-ferment  be  added  to  fibrinogen.  But  the  ff 
ferment  i§  not  formed  except  in  the  presence  of  calcium  salt^,  and  i 
oxalates  are  added  to  the  blood  before  this  ferment  is  de\  ' 
prevent  its  formation  and  hinder  clotting.  When  lime  t?iil 
the  ferment  is  liberated  and  coagulation  occurs  at  once.  la 
words,  Hnie  is  not  necessary  for  the  activity  of  the  fibrin-fcmipiit,! 
for  its  development  from  the  prothrombin  or  zymogen,  in  which  it  I 
ists  in  the  circulating  blood. 

Other  ferments  act  in  the  absence  of  available  lime  salt^* 
pei>sin  digests  when  instead  of  hydrochloric,  oxalic  acid  is  addal  lol 
but  it  is  unknown  whether  pepsin  is  formed   from   pepsinogen  m  I 
absence  of  lime. 

The  higher  organisms,  l>oth  animals  and    plants,  have  ihna 
shown  to  require  lime  for  some  of  their  functions,  and  it  is  proh 
neoesaary  for  many  others  in  w^hich  its  importance  has  not  yet 
recognized.     The  lowest  forms  of  life,  however,  including  the  k 
and  some  of  the  moulds,  seem  to  be  able  to  live  without  it^     In  on 
to  induce  the  effects  of  lime  starvation,  it  is  not  always  necessary  I 
\vithdra\v  lime  from  the  food,  ibr  they  may  be  causcnl  by  the  pr 
of  any  substance  which   renders  caJcium  entirely  insoluble.    Th) 
oxalate  solutions  added  to  the  blcM^d  or  milk^  or  to  the  nutrient  flti 
for  perfusion  of  the  heart,  have  the  same  effects  as  the  withdrawal  ( 
lime.      Fm^d  containing  large  quantities  of  oxalate  salts  has  in 
cases  induced  symptoms  in  unimals  resembling  those  of  lime  starvatici 
and  it  seems  pi^ssible  thnt  s<:>me  of  the  symptoms  of  fluoride  action  l 
also  explicable  from  their  precipitating  the  lime  salts  of  the  foodi 
of  the  blood. 


In  several  instances  a  curious  relationship  has  been  shown  to  exist  I 
tw  eeii  the  caleium  uud  potassium  suits.  Thus  when  si  frog's  hi-art  in  per- 
fused  wilh  sodium  chloride  solution  contiiining  a  trace  of  calcium,  the  movf" 
nieiits  are  not  entirely  normal »  the  coutractiou  being  somewhat  prolongwi 
and  ihe  relaxation  much  retartlcd.  If  a  trace  of  potassium  chloride  isadW 
however,  the  contraction  becomes  normal  in  character.  On  the  other  baorf 
the  eflect  of  jvotassium  on  the  frog's  heart  is  antagonized  by  the  addition  of 
lime.  The  sjime  holds  true  for  volantarj^  muscle^  the  salts  of  calciuiu  tcad- 
ing  to  neutralize  the  efleets  of  potassium^  and  vice  t'€r»a,  aad  in  several  olbrf 
relations  an  antagonism  has  been  observed  l>etween  these  two  metals.  (See 
Ringer) 

Another  question  that  has  excited  much  interest  recently  is  the  r^latioJi 
between  sodium  and  calcium.  It  has  already  been  noted  that  the  fr'Tf* 
heart  perfused  with  sodium  chloride  solution  soon  ceases  to  beat,  but  ciui  I* 
restored  by  the  addition  of  calcium  and  potassium  to  the  circulating  uicHiuia. 
The  ordinary  explanation  (Kinger,  Howell)  is  that  the  calcium  ami  {wta^^uia 
are  neeci^^ary  to  the  activity  of  the  heart  and  that  when  pure  sail  i«ti]iitk>n i^ 
perfused,  these  elements  ditfuse  into  it  and  ai^  lost  from  the  heart  ii 
this  dilFusion  ij^  prevented  if  calcium  and  potassium  be  contiiitie*!  i 
si)lutioii,  and  the  heart,  rv^taining  the  salts  easential  to  its  activity,  eoiKiuiu 
<i  Huu.  Another  explanation  ha^  been  offered  by  Loeb,  who  suppti*«l'~ 
tnc  lime  and  potassium  are  not  directly  essential,  but  that  they  neulflilii 
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je  poiflonous  cflfecu  of  *TiF"n  T^is  mbuiujik  Jirsua  ii  «maiii.  Jttt^  luc 
«n  generally  recoi^nned.  bafi  a»  v«iL  "Bbiwri  if  -se  MesiiftT-jjr  ir  a  ^maii  Is-a 
mdalas)  living  in  mIs  vaccr.  v^u&  aa  ik  -mnrtJ^rr^^L  jj  d^iciUf  l  ^scer 
ithout  injoi^',  thus  sbovii^suc  siBsaisr  vu^mn.  our  ■ainnni  ji-  HMTi-iiry  jl 
I  environment.  Bat  if  is  be  poc  jl  imaiizn.  :aitjr:ixe  iuiiicija  jc  3e  sun» 
length  as  sea  water  it  diea.  »  laac  «tfmin  «  >iu!*jaiiiu  "^i  x  inufss-  -votia 
itagoniaed  bjr  the  ocher  uimii  i  u  mn  iif  ssi  -vn&sr  ^ais  -^ficncai.  -iusausaca- 
e  oslciam  and  poTawima,  Sir  mm  -^isfe  jc^  ^ci!*t  '^i  tit?  jiitie^jik  iutaazn 
dotion,  the  fish  lives  »  weil  m  jl  ibl  -vdcer  r!tii^  -^trre^  if  -^^t^r-- 
ents  certainly  fon^  a  «craw  «iiDQiir:  ±r  laitfa  *  -^xe-ir^  -»»*g  raarunn.  >  H'C 
lectly  essential  to  riivrhmxe  jan^HsafsiL.  vnr  10.7  itronm^Laes  "sat  -iiSf'^s* 
'  sodium.  At  the  shbc  Dnae  3irn**r  j[i^»!«C£&c«ja  ^^  -^iiizr-*!  u  ivvsr-iim» 
rtain  difficulties  in  the  wmj  -if  roe  M-n^cuii-ff  if  inist  lacupioufca:  Mrcua 
cslcinm  and  sodina  a*  she  ^xaiamicua  if  tie  omskbcj  ic  nLnimi  ii  :=ie 
nog  organism. 


'different  purposes :  cmiir  ^i*t  u  cL'ne  pr^tpairscriii*  31:17  '*^  ir*H!ru:«;*i 
kasen  the  acidhj  •}€*  die  j&}aiiaiMu  imi  "nt^  xnfn  31U.7  :*^  -»ixcii:fH*i  js 
ctostic.  Bat  tiieae  *ym^  dieir  la^  n.c  j>  i:it»  ■a.'i'Tiim  :*:a.  nir  ?■  rie 
her partof  then»:4eeale  —  dKinii.o.  A*  inacr-r  :z  itc^  sLiriimi  Ja^^ 
nfflportant  ^tctsof  sovn  jai£  -^itx  pr<!rT4!7-h*:«i  5:r  mj  ^ra*  a  iruira 
m^t  have  00  tii^  Irvim^  Tit<sHUb>.  Tin  ;  i*>?rc*  a  :a»>  :«*^a-  ti^s^L  h  •▼- 
'er,  whether  caleiani  amj  ai>c  k  x"^-^  'ji»rnz»^^x:z%r:LLj  7'  ^^9*7  ^ 
ifidencT  of  lime  ia  an^  vittj.  TV  pari^oJiLr  r  aifinii  aif  ▼aii:!i  m-s^ 
en  treated  00  this  UKnrj  1^  rj!ii^*!>  uni  :»?o^  (najii!!ii.  Li  :«.ci  r 
bich  there  is  imf^iaesdi.aacij  -•  •*.  Itr^  iine  .n  nt*  :•  a»»^-  ia»i  lae  r^ac- 
ent  ha;?  been  tkxvu  j-  '•t  rirj  na  -•^fa.iwt  -71:^0  al^^  srni'ar  7j 
ose of  rickets  hav-»  faiKSL  bifmrf***  j.  jTun^r  i:i:.-n;i."->  -vaiise  3:«:»£  :».'a- 
ned  too  small  a  pr:-fi>rd«  a  .c  Jnu*.  la  n**  ras^  :c  n-strs  lini  >- 
•malacia.  ho^ev^r.  dh*r»  2*  n.  r»a»«.a  v  -i:^o:»^  "nit:  "nit  ■«  ••!  > 
Scient  in  eakiozn :  5a  iuft  -ailiir*-!  lt-  ^ii-i:  1:  :•:  m  r?  juirie  7.- 
keCs  when  ie*i  -la  '!i>'vy'  "w^^r  ^.a-t  -wit^a.  iirv-i  :•='  "rit;  3ii  apr.  il- 
•ogfa  the  mV.^  .yf  <3it*  Ti:  *•  ■?  oruiisr  zii.rr  ll:n»-.  •!•!  tiie  ci»-r  xlli«L 
aents  safPttimg  ^r'.at  rTiT«r**i*  tr.^.r'.  .Ihmz  i:i«;  riT'-r-  .r  urs^^  a.  -jx* 
It  the  «ame  w:i.7  ji*  3ii>mal  >«^.ii-*-  loi  i.^ii.«:;r^  -.:•:'..•  :•  aif>  .-  n- 
I  anosaallv  hooLI  mif  <La"*  *.c  II. 12*^-  ii>e  .ri*-^  r-.-r^ir-!'  -  a'ti.a  rtrii-r 
!«,  or,  ax  any  ;a».  ii'.c  if*r*  "loa.  -•  •nii.'.  r..«'ir':*  .-  n  c  an?  i;  t 
Z  of  lIoK  ia  tito^  5:r.#L  tirrfwj.rr.  -1  <•  :i  ib  •"  -i  *>  r..— .:t?f  r^-ner^j. 
to  sooK'  ahai>«a»  t».oiltii.i  ■»!.•  -i  -^-^tO  *.::-  n^;  sL~r  f- ai 
i|^  dm»&>«i  Ea  Mi^  v:o*?*-  i.:*j  •jj^.  "r-j  ir?  "•>'^c:  1  i.:i:-i»:2i.2».>f 
ise  bl«:«L  la  -sfe-**  c  ..::ifT  ---lt^i--  c  s.n.  ;i-  *~— "^  c&  mi/'  i,t- 
\  has,  !to*r»  isfc*  «a-irte  1-  --itr  ■•l:.':  .:'  .  -»r.  v  1.1-1  >  z*  n  7i?f*!iT-i  v: 
etenc  ^-BiacdH?^.  iI-l-j.i^t:.  -j>t  ••  c— :'  m  :c  r-".>  ir*:  >-jirr  r  >- 
X  it»  la  "aa*  -ra.-^  v»r  r.-.»-r  :.-^>r-  iT»-  i .-  :•-•*•:■ -c:  t  .-tL.-  *.ti  fc^ 
I  ^  tfe^  r>:-ct»!*.  F'^n  "-t^-^  :^  '-r-'r-ri*:'  ■-.-  •  :  •'  •  ▼•  ::ii*  T:»r  ss-.~* 
mm.  liK*'.j  Vj-  -.#•  :c  ••-'■-Kr:-:  -  r  c-".*  ♦-:  .  :--  *;it.-  •  •  :•  '^.•t 
oomlarak  .  lalf*?^  -wtjti,  :  .-  : -•r  •  r.-  ---i.- ;:  •:  i  -  oi  r^  z 
eh  s*  an5j>»i7  v-  irV  -  v^  -j-::!-  -  /-•"  K\.»^rro.-  riL- 
»Ma?traa»ii  il?i«:-  that  :i»-  .  *=>*  -altr  ir^  -. -"'  -i»-*J.ui^i.i  .:  irjif.via^ 
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It  Inia  also  been  propos(?d  to  treat  with  lime  cases  in  which  tlie  blood 
seemed  1cj?,s  capable  of  clotting  than  uormaliy —  particularly  hsemnphilii 
and  aneurism,  and  some  improvement  is  said  to  have  occurred  in  a  liw 
instances.  Here  again,  however,  it  would  seem  to  be  very  improbable 
that  the  absence  of  coagulation  is  due  to  deficiency  in  the  lime  salti, 
for  much  more  is  taken  in  the  food  than  is  sufRcient  for  the  orgauiim, 
and  the  pharniaeopceial  sidts^  are  not  more  easily  absorbed  than  (lie 
combinations  present  in  food.- 

PREFARATIONS. 

Chieii  Chkyridnm  (U,  R,  P.,  B.  P.)  (CaC),),  a  white  salt  with  a  sharp,  saline 
taste,  V€*ry  deliquescent  and  i>olnble  in  water.     0,3-1  G.  (5-l.!i  gra  ). 

Cak'ium  chloride  is  the  salt  whii*h  gives  the  least  complicated  calcium  Ac- 
tion, and  is  consequently  seldom  usedT  Iwscause,  as  hus  beeo  explained,  Uie 
caleiiHu  ion  is  of  compjinitively  little  service  in  therapeutics.  It  has  a  Iit^o^ 
at t rjic t i on  fu r  wa te r  u n d  is  the rel) > re  m ore  i rri t u n t  than  t h e  ol he r  ch  1  uridn 
of  the  alkalies  and  alkaline  earllLs^  and  oughi  to  he  prescrilied  only  ia  dilute 
solution.  It  is  aUsorlied  with  great  difficulty^  and  has  been  suggested  in  the 
treatment  of  Home  forms  of  dyspepsia* 

Calx  (U.  8.  P.,  B.  P/)  (CaO),  unslaked  lime^  is  a  corrosive  and  disinfei^tiuit, 
and  is  changed  at  once  to  the  hydrate  in  the  ]>resenee  of  water  It  diflere 
from  tire  eiiustie  alkalies  in  the  insolubility  of  its  hydrate,  which  therefore 
fails  lo  penetrate  deeply  and  does  not  spread  so  widely  as  potassiiira  and 
sodiyin  liydmtes.  It  is  seldom  employed  alone  as  a  corrosive,  bat  miied 
with  polufc^siLira  hydrate  as  Vienna  paste  (Potaa»a  cum  C<dce^  U*  8,  P.)  has 
had  some  popuhirily. 

It  u  imed  an  a  ili.-<infeetant  where  large  qnantitk^  of  organic  matter  bave 
to  lie  rendered  harmless,  as  in  epidemics,  on  battle  liekls  and  in  the  ikji^- 
Lioui*  of  large  hospitals.  It  onght  to  be  mijced  with  the  matter  to  l)e  dl^iu- 
feeted,  a.s  thoroughly  as  possible.  Lime  possesses  the  advantage  over  olbcr 
disinfectants  of  being  eheap  and  ea^sily  pi*oeurahle  lu  large  quantities. 

Calcii  Bifdras  (B.  P.),  slaked  lime  (Ca(HO)j),  may  also  be  uged  as  a  disin- 
feetant. 

LiauOA  .Calcis  (U,  S,  P.»  B,  p.) J  IiJiie^wAter,  is  a  satumied  aolatioii  of 
alcium  hydrufe  or  slaked  lime  and  eontains  about  0.17  G*  in  100  c.c,  (J  gr. 
1  oz.  B,  P.).     It  is  a  clear  fluid  with  a  saline  and  feobly  ettiisiic  ta»t<^. 

-100  e,c.  (1-4  fl.  oz.). 

Syeupus  Calcis  (U.  B.  P.),  Liquor  Calcis  Saocharatlts  (B.  T.%  eyvx? 
of  lime,  contains  cale in m  hydrate  kept  in  solution  in  ivater  by  sugar,  ^itb 
whieh  it  Is  probably  eond lined  chemieully.  The  amount  of  lime  contaiutti 
Viiries  gi^eatly,  but  is  niueh  larger  than  in  lime  w^ater.  The  B»  P.  pi-epam- 
tinn  is  Hitid  to  eontatn  nearly  2  per  cent,  by  weight,  or  8  grs,  to  the  oz.  14 
e,e.  (15-60  mins  ). 

LiNiMENTtiM  Calcis  (U.  S.  P.,  B.  P.),  lime  Imiment,  or  Carron  oil,  con- 
tains e*iuul  parts  of  lime  water  and  olive  or  linseed  oih  irww<^  . 

These  prt^parations  owe  their  activity  chiefly  to  their  alkaliinty  and 
not  to  the  calcium,  but  diifer  from  the  hydrates  of  tlie  alkalies  in  their 
insolubility  and  in  their  slow  absorption.  Lime  water  and  the  syrup 
are  slightly  eau^stie,  more  esiieeially  the  latter,  and  tend  to  neutralize 

^  Another  treatment  of  aneurism  and  h(i?morrhfige  recently  intrcMluced  is  tlie  admin- 
istration of  K^vlatiiie  by  the  mouth  or  hy|w>dermically  (lOD  cc.  of  a  1  j>er  cent*  solo- 
lion).  Tills  h  bi-stil  i]|iun  a  series  of  ex|ierhnentH  whieh  seemed  to  iniliiiite  rhat  the 
eoagidution  of  the  l>lou<J  is  accelenited  by  ^elnline  ;  but  more  nccurate  inveatigatiow 
have  shown  thiit  jy^t'Iatini*  hns  nt>  inlhience  on  the  rate  of  coagulaliorit  and  no  satiflHiO- 
'"'ry  evident't?  of  ioiprov^eiueiit  has  been  braughl  forward  by  clinicians. 
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tnc  juice.     They  have   an   astrinj^cnt  effect  in  the  iDtestine 

,  has  not  yet  been  explained,  but  is  probably  due  to  their  forming 

>luble  eom pound  with  the  surface  proteidsj  in  the  same  way  as 

acid,  or  to  their  being  deposited  as  the  e^arboiiate  or  phosphate 

itis    protecting  the  epithelium  fmni  irritation,     Lirae  water  is 

Fin  some  dyspeptic  conditions,  espedaily  in  vomiting.     It  i^  often 

SI  to  milk  in  intestinal  irritation  in  children  and  in  typhoid  fever, 
is  found  that  milk  thus  treated  coagulates  in  finer  particles  than 
I  given  alone,  and  is  better  digested  and  less  liable  to  disturb  the 
tetine.      Lime  water  or  syrup  of  lime  is  also  used  as  an  intestinal 
It  in  diarrhcEa,  especially  in  children.     As  an  antacid  in  the 
1,  lime  is  inferior  hj  magnesia  and  other  alkalies,  because  it 
to  delay  the  evacuation  of  the  cc^ntents.     Lime  water  has  been 
ID  rickets,  which  seems  singularly  irrational,  for  cows^  milk  con- 
lU  a  somewhat  higher  percentage  of  lime.     It  has  also  been  sprayed 
guast  the  false  membrane  of  diphtheria,  which  it  is  said  to  dissolve. 
le  water  is  niit  applicable  in  cases  of  acid  poisoning,  as  it  contains 
too  little  of  the  base  to  be  serviceable,  but  the  syrup   may   be 
If  or  lime  shaken  up  with  w^ater  (milk  of  lime).     The  treatment 

lime  is  specially  indicated  in  cases  of  oxalate  poisoning, 
prfirae  water  has  been  used  externally  as  a  ]irotective,  mildly  i^trin- 
appl legation  to  ulcers,  and  the  lime  liniment  has  been  largely  used 
!  the  treatment  of  bums.     It  derives  its  name  of  Carron  oil  from 
[fing  been  used  for  this  purpose  in  the  iron  works  at  Carron. 

Cktrbonas  Prsecipitatm  (U.  S.  P.,  B.  P.))  precipitated  chalk  (CaCO,). 
IG.  (l?>-60  grs.)- 

Prmparaia  (IT.   S.   P.,   B.   P.),  preparcfl   chalk,  chalk   poritied   by 
bing  and  suspension  in  water  (CaCOj).      1-4  G.  (15-BO  grsJ»)» 
fvurm  CRETJ5  €ToMPOstTUB  (U,  S.  P,),  a  mixture  of  prepared  chalk,  sugar 
1  acacia.     5-10  G,  (1-2  drs  ). 
LVlB   Cret.«  Aromaticus  (B,   p.),  aromatic  chalk   powder,  contains 
c  along  with  sugar  and  a  number  of  carminutjves  belonging  to  the  group 
oUtiJe  oilsi.     1CK60  grs. 

LVis  Cret.f.  Aromaticits  Cum  Opio  (B,  P.)  is  a  mixture  of  39  parta 
be  firomutic  powder  with  one  of  opiunij  and  therefore  contains  2|  per 

of  opi  urn.     1 0-40  grs, 
J8TURA  Crkt^  (U.  S.  p.),  chalk  mixture,  is  chalk  suspended  in  water 
neiins  of  gums.     1&-30  c.c,  {}-l  fl.  oz). 

OfHm  (U,  S,  P.),  chalk  lozenge^*,  flavored  with  spirit  of  nutmeg. 

"Hie  preparations  of  the  rarbouati'  of  lime  an?  useil  as  antacids  in 
^yperacndity  of  the  stomach,  esi>ecially  when  this  is  combined  with 
t  tendency  to  diarrhoea.  The  mixture  or  the  aromatic  powder  B.  P., 
9  the  form  generally  used,  and  may  be  prescribed  with  opium  or  with 
ither  a^tringeuts.     Chalk  has  also  hcen  used  in  rickets* 

Ext/»rnflllv,  prepared  chalk  is  uswl  as  a  powder  to  protect  irritated 
parts  of  the  skin  and  occa.^ionally  in  idceration  ;  it  is  the  chief  in- 
Priieot  in  moat  tootli  powders.  In  older  treatises  on  therapeutics, 
B^t  virtues  are  asrribed  to  various  natnral  ohjccts  which  are  com- 
posed for  the  main  part  of  chalk  or  other  salts  of  lime,  and  among 
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which  burned  bi>DeiJ,  coral,  coralline,  and  cuttlefish  lH>ne  may  bemeih^ 

tioni'd.  '* 

Calcii  Phonphm  FrsEcipiiatus  (U,  S,  P,),  Caleii  Phosphas  (B.  P.)  (Ca^JJ^J 
a  white  iiLsoluble  powiien     O.S-1  G.  (5-15  grs.). 

Syrupm  Cahil  LactophosphatiB  [V.  H.  P,,  B.  P.),  a  preparatioa  in  "wrbich  «] 
soluble  doiiblt?  ssalt  uf  hiiu^  is  footaiDed  in  solution.     2-^  c.c,  (J-1  fl.  dr.j 

A  glycerophosphate  of  calciiun  has  also  beeu  advised  recently*  Tlics«| 
phosphate  prepamtiona  have  been  used  in  rickets  and  OBteotnulm-ia,  iitidl 
in  phthisis  and  other  tuberfular  diseiise,«^  but  the  best  authorities  are  agrt^^l 
that  lime  salts  are  of  no  %uhio  iu  rickets  and  osteomalacia  (see  paj?^  '^*%| 
and  experience  with  them  in  tubennilar  conditious  is  not  more  encdum^ng,  ] 

Calcii  Bromidttm  (U,  S.  P.)  (CaBrj)  has  been  used  a^^  a  suh^titute  for  li 
more  eommoniy  used  bromide  of  potassium,  and  is  administered  in  th#| 
dose.     It  is  more  slowly  absorbed  and  therefore  inferior  to  the  alkaliiiB 
mides,  and  is  entirely  superfluous. 

Caleii  Sulphas  ExsiaccUuH  (U.  B,  P.)*  — Dried  calcium  sulphate  or  dried  ^^ 
8um  contains  IKt  per  cent,  of  suljihate  of  ealeium  (CaSOj  and  5  per  cent! 
water.     It  is  used  exclusively  to  fi>rm  immovable  bandages  in  surgeiy  (plaa-J 
ter  of  Paris  bandages), 
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XX.     BARIUM   AND   STRONTIUM. 

Barium  is  the  most  poisonous  of  the  three  eowmon  alkaline  eartJiSp 
resembles  the  other*?  in  penetnitinj^  with  ditlb-ulty  into  the  epitheliuia  of  tbe 
alimeiitarj'  eunal,  and  is  therefore  abi^orlRHl  very  slowly.  It  bus  a  ebarftc- 
teristie  aetion  on  many  forms  of  muscular  tissue,  resenibliDg  closely  tbat  of 
veratrine,  and  the  eontractl*>n  of  the  frog's  musele  under  barium  is  thia& 
stronger  than  noiiaally,  and  is  very  greatly  prolonged.  The  frog's  heail 
beat.s  more  strongly,  but  more  slowly  fn »tu  a  similar  action  on  the  muscle 
fibres,  and  tbe  walls  of  tbe  stomach  nnd  intestine  are  thrown  into  violeut 
contraetion  from  tlie  netion  of  the  metal  on  tbe  unstriated  muscle  fibre. 
There  is  some  question  as  tn  whether  tlie  eentral  nervous  system  is  acted  cia 
in  the  frog,  hut  in  the  mammal  barium  salts  injected  intravenously  eatis^ 
violent  tonic  and  clonic  spasms,  from  their  stimulating  tbe  spinal  cord  and 
medulla  oblongata.  The  action  on  the  alimentary  canal  induee«t  vomiting 
and  purging  with  very  active  peristalsis.     The  heart  is  accelerated,  and  th« 
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k  enormously  Increased  at  fii-sl,  and  then  undergoes  slow 
ions  for  fiome  lime.  The  inereaned  tension  may  be  due  to  the  cardiac 
part,  but  is  ehie6y  to  be  ai^cribed  to  u  very  marked  contraction  of 
Kraliir  walls  of  the  ve^^vsels.  The  tVog^s  heart  eventually  a^umes  an 
pemtaltic  form  of  contraction  and  eeajses  la  !^y^lole,  as  in  digitalis 
Ig^  and  the  changci*  in  the  maimualiaii  heart  also  resemhle  those 
by  tlik  eerios.  Barium  in  sufficient  quantities  finally  |>araiyzes  the 
nervous  system.  In  fatal  poisoning  in  animals,  haemorrhages  have 
IbndL  in  the  Btomach,  intestine,  kidney  and  ulher  organs. 
^Kis  quite  incapable  of  rejdacing  calcium  in  its  relations  to  living 
HBl  accordingly  chloride  of  sodium  solutions  to  which  barium  chlo^ 
KiiMI  added  do  not  tend  to  keep  the  frog's  heart  active  &8  do  thofie 
In^  Hme,  Some  authors  hold  I  hat  luirhim  can  rephieo  ealeiuni  to  an 
k't  dc*jre«*  in  the  coagulation  of  the  blood,  but  this  is  denied  by  others. 
torn  iiiiU^  tend  to  neutralijce  tbeeflect  of  barinm  on  the  heart  and  mus- 
>e  relation  resembling  that  which  they  hear  to  lime. 

Ris  ubj&orbed  slowly  from  the  intestine,  and  is  found  to  be  stores  J  in 
to  some  extent,  and  to  be  excreted  in  the  urine  and  probably  in 

a  been  suggested  as  a  treatment  for  dilierent  forms  of  tremor,  but  has 
\  been  used  in  practical  th crape uticK  The  dioxide  of  barium  of  the 
P,  is  used  exclusively  to  form  peroxide  of  hydrogen* 
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btium  is  a  comparatively  inert  substance  even  when  injected  directly 
ke  blood,  resembling  calcium  in  its  action  in  the  body  as  far  as  is 
p  but  being  even  less  poisonous.  It  cuntmets  the  muscles  somewhat, 
b  leaMn  the  dilation  of  the  heart,  and  prolongs  the  contraction  of 
1^  though  only  to  a  slight  extent.  It  is  absorbtd  very  slowly  from  the 
ae  like  the  other  alkaline  earths,  and  is  deposited  in  small  quantities 
pones  of  growing  animals,  especially  w  heo  there  is  a  deficieney  of  lime 
[ibod-  It  is  excreted  in  Hinnll  quantities  by  tlie  urine^  and  prolwibly 
[iMxwel.  Strontium  salts  have  luen  u>cd  to  a  limited  extent  in  tliei-a- 
f,  not  for  the  eflect  of  the  strontium  ion,  but  for  the  bromide,  iodide 
"late  effects  of  itvS  salts.  In  view  of  the  fact  that  the  strontium  salts 
slowly  absorbed  than  the  corresponding  ones  of  sodium  and  potas- 
ll^ld  seem  to  be  g*>od  grounds  for  abandoning  their  use. 

PaEPARATIONS. 

.  P.  —  Strx^mii  Bnmidnm  (8rRr,  -f  61!  Jl),  1-4  G.  {30-60  grs.). 
;  lodidum  (Sri,  4-  6HjO),  0.:i--'l  G.  (5-1  r>  gi^.). 
;  JUic£a#  (Sr(C,H,0;),  -f  3H,0),  1-2  G.  (15-30  gra,). 


klctam,  Bnrium. 

Am.  Jour,  of  PhvBJol. 
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XXI.     SULPmBES   AND    SULFMITB. 

Unary  sulphides  of  the  alkalies  are  of  little  importance  in 
Blves,  as  they  are  eeldom  tised   in   therapetitictf.     The  effect  of 
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hydrosulphuric  acid,  however,  apart  from  its  local  irritant  action,  is  due 
to  the  sulphide  which  it  forms  in  the  blmxl,  and  the  study  of  thi# 
powerful  poison  llierefore  involves  a  preliminary  examinatioa  of  thi 
cflects  of  thi.'  f^ulp hides.  Again,  sulpliur  is  in  itself  inert,  but  \- 
changed  to  sulphides  and  hydrosulphuric  acid  in  the  alimentary  cauiil, 
anil  the  effects  induced  by  its  adminij^tration  are  due  to  tbeae  bodies, 
and  not  to  the  original  clement. 

Action.  —  The  nuiphide.^  are  vtT}'  weak  salt**,  for  even  carbonic  ac-id  1 
capmble  of  libenitin^  hydrosulphuric  iifHlj  and  wherevx^r  the}'  coni<?  in  am^ 
tact  with  tt  in  iiiuuitity,  there  is  a  ietidency  to  fc»rm  free  arid,  which  wrUia 
&  |K>wcrful  hirul  irrituiit ;  it  is  not  impossible  that  the  sulphidea  have  na 
irritant  ett'ect  of  themselves  iu  additiou  to  that  of  the  hydrosulphuric  add. 
The  suiphicies  accordingly  act  as  irritants  in  the  stomach  and  bowel,  aiid  iit 
the  latter  induce  inereiL&cd  peristalsis  and  purgation.     When  injected  ^ub- 
cutaneously  iu  the  frog^  sodium  sulphide  caii8cs  a  narcotic  condition  from 
depression  of  the  central  nerv^ous  system,  and  in  tsuMcient  quantities  weakens 
the  skeletal  muscle  and  the  heart,  which  continues  to  Irieat  after  complete 
paraiysis  bus  been  obtained,  but  eventually  ceases  in  diastole,     Haruack  hag 
^ec^ently  shown  that  after  the  narcosis  has  lasted  for  some  time,  a  new  con* 
dition  follows,  if  only  small  quantities  have  been  given^  and  espet-ially  if  the 
frog  lA  healthy  and  is  kefit  cooL     TbiH  consists  iu  an  enormous  increase  in 
the  reflex  irritability,  which  induces  convulsions  re^^mbling  those  of  8tr>t'h- 
nine  poisoning  in  their  general  character,  but  ditlering  from  them  in  lasting 
continuously  for  %veekft  or  even  months  at  a  time»     The  animal  lic^  in  hd  €!• 
tended  and  tense  condition  throughout,  and  passes  into  complete  opistthotonos 
on  being  touc!ied» 

Snlpiiides  injected  intravenously  in  mammals  induce  violent  convulsions, 
which  seem  to  he  of  ccrcbntl  origin,  for  they  do  not  oecnr  in  the  liind  limbo 
when  the  spinal  eord  is  cut.  The  respiration  is  at  first  accelerated  and  later 
dyspno'ic  and  finally  ceases,  this  ahmg  with  the  pandysis  of  thi;  vaso-molor 
centre  being  the  cause  of  death.  The  heart  di>cs  not  seem  to  be  seriou^y 
a  fleeted  except  indirectly  through  the  failure  of  the  respijratlon  and  the  fall 
of  the  blood -pressure. 

Sulphide  solutions  added  to  drawn  bhiod  rc<luce  the  oxyha?mi»gkibin  At 
once,  and  give  the  blood  a  dark  venous  color.  iVt  the  same  time  a  cnmiK>i 
of  sulphide  and  luemoglobiu  is  formed,  the  chcmistiy  of  which  is  still  y 
obscure,  but  which  wt>uld  seem  to  be  moic  nearly  related  to  methaTnoglol 
than  to  luemoglobiu.  It  is  known  *as  Bvilpho-lueniogkibin  or  as  suljtho-met^ 
hamioglobin,  and  gives  the  Wood  a  greenish  cohjr  w hen  a  thin  layer  is  ex- 
amined, while  a  thicker  layer  is  dark  red-brown.  This  sulpho* haemoglobin 
possesses  a  characteristic  speetnim,  marked  by  a  dark  line  in  the  red  to  the 
left  of  the  I)  line.  Larger  qvunitities  gi\'e  an  oUve-green  color  to  the  blood, 
and  the  spectrum  of  sul]iho-htEmoglobiu  disappears,  When  sulphides  are 
injected  into  frogs,  and  more  especially  when  sulphuretted  hydrogen  is  in- 
haled, the  blood  gives  the  chiiract eristic  spectrum  during  life,  but  this  does 
not  seem  to  be  the  case  in  mammals,  although  sulpho*ha^moglobiu  is  formed 
&oon  after  death.  The  blood  changes  are  not  the  cause  of  death  in  poifton- 
ing^  as  was  formerly  supposed,  but  the  direct  action  of  the  sulphides  on  the 
central  nervous  system. 

Sulphides  absorbed  into  the  blood  are  rapidly  oxidized,  and  are  excreted  iu 
the  uriue  in  the  form  of  sulphates  and  of  organic  sulphur  compounds  of  tm- 
known  constitution.  Bmall  quantities  escape  by  the  lungs,  and  give  the 
breath  the  disagreeable  odor  of  sulphuretted  hydrogen,  and  according  to 
some  authorities,  si»me  is  excreted  in  this  form  in  the  perspiration. 

The  sulphides  dts-solve  the  horny  epidermis  and  hair  verj^  readily  when 
they  are  uiipHed  to  the  skin.  If  the  application  is  continued,  some  irritation 
and  redness  is  produced. 
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Hydrosulphnric  Acid  (sulpharetted  hydrogen,  hydrogen  Bulpbido  (H^S)) 
difTens  from  the  sulphidfe*  in  being  a  giitj,  and  in  ilA  strong  irrilnnl  properties, 
^v^hieh  it  shares  with  other  acida  (i^ee  page  .>5S)).     It  has  not  iniivtiuojitly 
^ven  me  to  poisoning^  as  it  is  formed  in  large  qniintitieii  in  the  ooui'so  of  tlio 
piitreftiction  of  anlpliur  compound r*,  snch  ns  proteids.     8ewer  giis  often  cou- 
tjuti«»  It  in  quantity,  and  workmen  employed  in  cleansing  i^ewersor  caaspools 
lijtve  oflea  suffered  from  its  etlects.     When  inhaled  in  concentrated  form  it 
is  alui^>!»t  immediately  fatal,  the  patient  kimng  coii^-JciouHae^*!  at  once,  and  the 
T«spt ration  ceasing  after  a  few  second.s.     In  s^mallcr  (piantities  it  canseii  im- 
snerliAte  ttnconftcionane^^*,  lasting  for  sev^eral  hours  and  then  paH?;inginto  fatal 
o>fna,  which  !•*  often  internipted  by  violent  convulsions.     In  both  of  these 
fbrm^  the  symptoms  are  due  to  the  ilirect  action  of  the  sulphides  on  the  brain 
mod  medulla  oblongata.     Persons  exfiosed  to  a  very  dilut'C  vapor  of  Hnlphnr- 
«(led  hydrogen  suffer  from  local  irritation  of  the  eyes,  nose  and  throat,  indi- 
43Bled  by  puin  and  congestion  of  the  conjunctiva,  sneezing,  dryness  and  sore- 
aasi  of  the  month  and  throat,  and  a  retlex  increase  in  the  secretiou  of  tears, 
tiliva  and  mucus.     Headaclie,  dulncss,  giddiness  and  loss  of  energy  art^  eom- 
filained  of;  the  symptoms  frequently  appear  only  some  time  after  the  ex- 
posure to  the  poison.     According  to  Lehmann,  death  in  animals  exposed  to 
th»'^^*  dilut€»  fumes  is  due  in  part  to  »edema  of  the  lungs  caused  by  the  local 
irritiint  iKHion.     He  found  that  one  part  of  liydrosulphuric  acid  in  o, 000  of 
i\\v  wa^  sufficient  to  ioduci^  sympttims  in  man,  and  that  an  atmosphere  con* 
tuuiiti^  ufie  part  in  2,000  could  be  respired  for  only  a  short  time,  and  gave 
rise  to  alxirming  symptom'^ ;  be  supposes  that  alKint  one  part  of  hydrosul- 
phnric acid  in  1,*>00  parts  of  air  is  sufficient  to  poison  man  fatally  in  a  v^ery 
iort  time. 

The  poisoDoos  effect  of  aulpliuretted  hydrogen  is  due  in  part  to  its  local 

ritaut  ftc'tlon,  in  pjirt  to  its  directly  affecting  the  central  nervous  system. 

be  change-s  in  the  bioiid  occur  during  life  only  after  very  concentrated  gas 

inhaled,  alibough  they  may  indicate  the  poison  after  death  from  more 

dilute  vapor,  for  the  tisiiues  in  general  tend  to  assume  a  green  color  sooner 

after  hydrosulphnric  ncJd  poisoning  than  in  the  coui'se  of  ordinary  putrefaction* 

Hydrogen  sulphide  is  destructive  to  most  forms  of  life,  even  when  present 

LId  companitively  small  amount.     Even  the  microb<^  of  putrefaction,  which 

Fproduce  it  themselves,  are  eventually  killed  by  thia  gaa,  unless  it  escapes 

freely. 

Puk:p.\ratiox8. 

Poiium  Suiphuraia  (U.  B   P.,  B,  P.),  liver  of  sulphur  {Hepar  Sulphuns), 

is  a  mixture  of  polysulphides  and  thiosulphate^,  often  containing  sulphate 

of  potaaeiam.     The  greater  part  is  formed  of  jKitjissium  triBuli^hide  {Kfl^} 

maud  of  potassium  thiosulpbate  (K,S,0,).     it  is  siduble  in  water  and  poiiseaB«« 

^n  unpleasant  saline  taste,  and  an  odor  of  hydrogen  sulphide,  which  is  formed 

its  decomposition  in  water. 

Cb/x   Sulpkuraia  (U*  S,  P,,  B,  P,),   sulphurated  lime,  is  another  impure 

*tiou  containing  at  least  60  percent,  of  calcium  mono^ulphide  {Cad) 

Br  cent.  B,  P.),  with  some  calcium  suiphute  and  charcoal*     It  foroiB  a 

powder,  insoluble  in  water,  and  givers  off  hydrogen  sulphide*     0.015 

These  preparations  are  seldom  used  internally,  and,  in  fact,  the  sulphur^ 

hU^  potn^iium  ha**  been  found  to  be  a  dangerous  poison,  from  the  hydi^ogen 

ilphlde  given  off  by  it  in  the  ImiwcI  acting  l>oth  lot^ally  and  after  absorption, 

Hulphumted  potassium  is  used  to  a  ver\^  limited  extent  as  an  external  appli- 

fction  in  certain  skin  diseases,  particularly  in  acne,  aud  to  destroy  skin 

iraisiites,  such  t%s  that  of  scabies.     It  is  used  as  an  ointment  {I  part  to  10 

•^part*),  and  i«  somewhat  irritant. 

Hill ph united  lime  is  used  occasionally  to  remove  hair  and  horny  eicrea- 
I_^nee0,  both  of  wht<'h  it  renders  soft  and  gelatinous,  but  ita  frequent  use  Is 
tilo  to  cause  irritation. 
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Hydrogen  sulphide  lias  been  MAGtl  m  the  treatment  of  pulmonary  phthwi^, 
the  gas  being  applied  by  the  rectum,  but  the  treatmetit  was  followed  in  3<«v* 
ei'al  cases  by  s^erious  symptoms  of  puisouiug,  and  has  not  been  Abowntobe 
beueficlal.     Very  smali  quantities  only  escape  by  the  lungs. 

Many  mineral  springs  contain  hydrogen  sulphide  in  small  amounl,  and 
these  have  obtttined  wide  celebrity  in  the  treatment  of  various  ehronic  i\s- 
piralory  and  akin  diseases  and   in  syphilis,  gowt,   rheumatism  and  chroa 
metallie  poistining  (lead,  meriury).     Mont  of  these  springs  are  hot,  iitidili 
open  to  question   whetiier  the  ^mall  aminint  of  the  gjis  contjiined  in 
water  i»  of  any  efficacy,  and  whether  the  heat  of  the  water  and  the  liygii'iiic 
condiiioiLsare  not  the  true  cause  of  the  impro%^ement  obj^erved  in  ihc--  m  ■- 
Sulphur  batli.s  are  also  formed  artificially  by  the  addition  of  sul|' 
potassium  (2-8  oz*)  to  an  ordinary  hot  bath  ;  a  small  quantity  of  acid  i 
timei?  added,  in  order  to  free  the  hydrogen  sulphide  more  rapidly. 

Sulphur  is  in  itself  an  inert  body,  but  while  miuAi  the  greater  portion 
escapes  in  the  stools  undiauge<l  when  it  is  swallovvetl^  Bome  of  it  fornix 
Bulphides  in  the  alkaline  fluids  of  the  intestine,  and  these  cause  irrita- 
tion»  increased  peristalsis  and  tuihl  purgation  ;  in  large  quantities,  it 
hiLs  caused  iti  some  instanex.'s  more  severe  symptoms  with  bbxMJy  *' val- 
uations. The  sulpliides  form  some  liydrogen  sulphide,  which  gives 
rise  to  enietation.  Some  10-20  per  cent,  of  the  sulphur  taken  by  the 
mouth  is  absorbed  as  sulphide,  which  is  excreted  to  a  small  extent  by  tie 
lungs,  giving  the  characteristie  disagreeable  mb^r  to  the  breath,  ami  to 
a  much  larger  extent  by  the  urine  as  sul|>hates  and  in  organic  combi- 
oation.  In  one  experiment,  Presch  found  tbe  urea  of  the  urine  con- 
siderably increased  (10  per  eeot.)  under  salphufy  and  Umbaeh  found 
it  increased  by  pure  calcium  sulpliide  ;  whether,  as  this  would  suggest, 
the  sulphides  augment  the  nitrogenous  waste  as  a  general  nile,  can  only 
be  determined  by  further  ex[K'riment. 

Applied  to  the  skin  in  ointment,  sulphur  appears  to  be  formed  in 
part  to  sulphide,  jmrticularly  if  some  alkali  1>e  added. 

Pheparations. 

Sulphur  SiibtimutuM  (U.  S.  P.,  B.  P.),  Flowers  of  Sulphur,  Bublimed  aJi 
phur* 

Sulphur  Lottnti  (U.  8,   P.),  washed  Flowers  of  Suljihur,  is  prepared 
washing  the  Bublimcd  isulpluu"  with  water  and  ainnionia.     The^ne  prepara^ 
tious  form  fine  yellow  powders  insoluble  in  water  aud  %-ery  slightly  ikilublc 
in  alcohol.     1-4  il.  (lo-CO  grs.)  in  powder  or  ponietime^  in  tableti5. 

Sufphttr  Pneapi(alnm  (U.  B.  P,,  B.  P.),  Milk  of  vSulphur,  is  prepared  from 
sulphide  of  cjilcium  by  predpitation  and  fon«s  a  fine,  almost  white  powdff 
without  odor  or  tantc,  insoluble  in  water,  and  only  veiy  slightly  sohible  in 
alcohol.      1-4  G,  (15-fiO  grs.). 

rntjtwntum  Sttlphun'A  (V,  S.  P.,  B,  P/),  formed  from  sublimed  suljihur, 
which  m  also  contained  in  tbe  Compound  IJqnorice  Powder, 

Trovht^ntH  Sufphurk  (B.  P.) contains  5  grs*  of  sulphur, 

Chtifrdh  Sulphur  is  (B.  P.),  60-120  grs. 

Thikiniii  (non-otFtcial)  is  a  mixture  of  lanolin  and  sulphur  containing  about  I 
^  jier  cent*  of  the  latter,  and  has  been  proposed  as  a  substitute  for  the  oint- 
ment. 

Crude  sublimed  sulphur  oflen  contains  arsenic  and  other  impurities,  and 
ought  not  to  be  us^ed  in  therapeutics.  The  miJk  of  sulphur  Is  in  a  finer 
state  of  division  than  the  flowers^  and  U  ^aid  to  be  a  somewhat  more  active 
aperient. 
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yhuT  i^  used  as  an  aperieot  powder,  and  may  Iji^  added  to  rlm- 

or  magaesia  for  this  purpose  ;  it  causes  a  soft,  ibrmed  stool,  and 

Ldom  induces  more  tbao  one  evacnation.     It  is  prescribed  for  cliil- 

and  in  cases  of  bteniorrhoid*,  in  wbicb  it  is  often  %^ery  beiietieialj 

iring  to  any  specific  effect  on  the  haemorrhoids,  bnt  because  it 

the  titonl  softer  and  less  liable  to  cause  irritation  mechanically. 

L  Sulphur  has  been  advised  in  a  variety  of  (Yinstitutional  diseases  and 

lorosis,  skin  and  joint  affections^  hot  it  is  impossible  to  state  at 

it  whether  it  has  any  effect  in  these  apart  from  its  improving  the 

ndttioo  of  the  intestine. 

Sulphur  ointment  has  been  used  in  snrae  skin  diseases,  particularly 

scabies,  bnt  Un»  been  supplanted  to  a  large  extent  by  the  balsam  of 

It  has  been  applied  in  powder  to  diphtheritic  membranes. 
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XXII.     CHARCOAL. 

Charcoal,  like  spongy  platininn  and  other  porous  bodieB,  possesses  the 
property  of  accumnlating  gases  in  its  ititersti€es  and  thus  ordinarily  contains 
"OorMdenible  qnantLties  of  oxygen.  When  brought  into  contact  with  deeom- 
IKwiug  matter,  the  oxygen  is  released  and  Imsteos  the  oxidation  of  the  putre- 
tying  masa^  while  the  gases  arisiDg  from  the  bacterial  action  are  absorbed  by 
ilhc  charcoal  which  thus  acts  us  a  deodorant.  It  has  no  direct  action  on  the 
Worobes  of  putrefactiau,  but  may  by  introducing  oxygen  favor  the  develop- 
^ttent  of  the  aerobic  organisms  at  the  expense  of  the  anaerobic.  Besides 
jfueg^  charcoal  ako  absorbs  many  colloid  bodies,  such  as  the  coloring  matter 
*of  plants  and  prot«ids,  aud  when  solutions  of  salt^  are  filtered  through  layera 
of  it^  they  often  undergo  more  or  less  dissociation^  the  base  passing  into  the 
Jjteftte,  while  the  acid  remains  in  the  charcoal,  or  vice  versa. 
Hniinal  charcoal  appears  to  po.«!ses3  no  advantages  over  wood  cbarcoali 
W^lhey  both  act  when  moist  almost  as  efficiently  as  in  the  dry  state. 

Charcoal  has  no  appreciable  effect  on  the  economy,  apart  from  its  lessen- 
«*g  the  eructation  of  gas  and  the  flatulence  in  some  crises.  It  passes  through 
W  gtomach  and  intestine  un absorbed,  and  may  in  rare  cas^  cause  some 
^^hanieal  irritation  and  increaF^ed  movement.  Charcoal  given  in  a  state  of 
Jttgpenaion  to  animals  is  said  to  have  been  ftiund  in  the  epithelinl  cells  of  the 
totegtine  and  even  in  the  blood  vessels,  bnt  does  not  havenny  effect  attri but- 
tle to  its  absorption  in  man.     (UlkL     Med.  Cbroniclej  1896.) 


^Srbo 


kone. 


Preparations, 
AninuUU  (U.  8,  P.),  animal  charcoal,  bone-black,  prepared  from 


Carba  Animalis  PuHjicfihtJi  (U.  S.  P.)  is  prepared   by  boiling  bime-black 
"\  hydrochloric  acid  in  order  to  remove  the  lime  and  other  impurities. 
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Carbo  Ligni  (U.  S.   P.,   B.    P«) — Chareoal  prepared  from  soft  woodi 

finely  powdered. 

Chill  coul  is  used  internully  to  remove  the  gases  iu  flatulence  and  dy 
sia,  and  is  prescribed  in  powder  or  iu  the  form  of  cliarcoal  lozenges.   Ittnifj 
be  given  in   any  qiiiMitity^  but  is  most  commoQly  preiscrrbed  in  4-8  G  ((S 
120  gTB,)  do&es.     It  is  employed  externally  tus  a  deodorant  in  casefi  of  fen 
ulcers^  cancerous  sores,  or  malmiorous  secretiou.H  from  any  source ;  fw 
purpose  it  is  added  to  poultices  or  used  dry  in  bags  of  fine  cloth. 


—  r  — 
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XXm.    BORACIO  ACID  AND  BORAS 

Boracic  or  boric  acid  (B(OH)J  is  a  very  weak  acid,  and  it  is  doa 
ful  whether  the  hydrogen  ions  or  acidity  play  any  part  in  its  action^ 
whether  tlie  whole  is  not  to  be  referred  to  t!ie  resit  of  the  molecule. 
The  ordioary  sodiurn  compound,  borax,  Na^B^O,,  is  stated  by  sora^ 
authors  to  be  equally  active,  but  is  alkaline  in  reaction,  so  that  the 
exact  relative  iraportance  of  the  two  ions  of  boric  acid  cannot  be  de- 
termined. 

ActioE.  —  Boracic  acid  and  borax  are  only  feebly  toxic,  hut  large 
quantities  taken  by  the  mouth  eause  gastric  and  intestinal  irritatioD,a8 
is  evidenced  by  vomiting  and  purging,  and  even  smaller  amounta  aW; 
said  to  act  as  raiki  ajierientia  in  some  cases.  In  animals  muscular  w 
ness  and  collapse,  and,  it  is  stiid,  nephritis  and  albuminuria  have 
elicitinl  by  the  injection  of  poisonous  doses.  Moderate  doses  are  with- 
out eifwt  on  the  metabolism,  but  larger  quantities  (5-10  G.  f>erdayin 
dogs)  inei*ease  the  nitrogen  excretitin  in  the  urine.  In  ordinary  amounts 
borax  does  not  affect  the  digestion  and  assimilation  of  food,  but  larger 
doses  retard  tlie  proteolytic  processes^  and  increase  the  bulk  of  the  faeces 
by  ret^^nling  the  absor[>tion  of  the  proteids  and  fats.  Both  lK>rax  and 
boracic  ueid  are  rapidly  absorbed  by  the  bowel,  and  do  not  affect  the 
intestinal  putrefaction* 

Boracic  acid  has  been  widely  used  as  an  antiseptic  dressing,  and  a 
number  of  eases  of  serious  poisoning  have  Ix'cn  recorded  from  its  al)- 
sorption.  The  symptoms  arose  in  part  fnjni  the  alimentary  catial, 
uneasiness  in  the  abdomen,  vomiting,  diarrhtea,  dryness  of  the  throat 
and  diffieolty  in  swal hawing  ;  sleeplessness,  great  muscular  weiiknesft 
and  depression,  dimness  of  sight  and  headache  were  also  complained 
of,  aud  in  severe  cases  collapse  and  cleat h  followed.  The  prolonged 
use  of  boracic  acid,  internally  or  externally,  has  repeatedly  led  to  scaly 
skin  diseiises,  eczema  and  psoriasis.  V^y^  ascribes  these  to  the  absence 
of  the  oily  secretions  of  the  glands  of  the  skin,  and  has  ol>served  that 
the  hair  becomes  brittle  and  breaks  off  short,  causing  alopecia  of  the 
8ca!|>  and  also  of  other  parts  of  the  body.  Papular  eruptions  and 
local  oedemas  and  sw^elling  of  the  skin  appear,  aud  a  dark  line  on  the 
gums,  similar  to  that  seen  in  lead  poisoning,  is  stated  to  occur  along 
with  irritation  of  the  mouth.  These  skin  affections  appear  also  wj 
borax  is  used  iu  large  quantities  as  an  antiseptic  dressing. 

Boraeie  acid  aud  borax  are  excreted  in  the  urine  for  the  most  part, 
to  a  smaller  extent  in  the  perspiration,  saliva,  aud  intestinal  secretions. 
They  disappear  from  the  body  within  24  hours  of  their  ingestion.     It 
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sometiniefi  stated  that  the  urine  is  increased  by  borax,  but  this  is 
:)t  lK>nie  out  by  experiment,  and  ChittLHiden  and  Gies  found  it  actu- 
lly  diminished  in  amount ;  the  reaction  becomeij  alkaline  after  sntH- 
ient  amouDt8  of  borax,  as  after  any  other  alkaline  preparation,  Bor- 
cicacid  and  t>orax  have  some  antiseptic  power,  for  in  2A  percent. 
ilulinii  almost  all  formg  of  bacilli  stop  growing;  but  they  are  not 
de>*tmye<l,  even  the  delicate  ant li rax  bacilli  being  found  capable  of 
ftirther  jj^rctwth  after  expjsure  to  a  4  i>er  cent,  solution  for  24  liours. 
Boracic  acid  \^  therefore  valueless  as  a  disinfectant,  but  has^  been  u.scd 
3*^  an  antiseptic  dressing ;  it  has  the  advantage  over  many  other  anti- 
^phrs  of  inducing  very  little  irritation  and  of  being  only  slightly 
t^:»isonou8,  but  experience  has  shown  that  it  cannot  be  used  with  im- 
i^tiaity  ia  very  large  quantities. 


Preparations. 

Addum  Hwieum  (tJ.  8.  P.,  B,  P.),  Boric  or  Borncic  Acid  (H^BO,),  color- 
crynlah,  with  a  fuintly  bitter  taste,  soluble  Xu  alxiut  four  per  cent,  in 
ttiter,  more  so  in  alcohol  uud  glycerin.  0,;i-l  G,  (5-15  grs,). 
Glffceritum  Borogiifcerini  (U,  8.  P.),  Glycerinum  Acidi  Bond  (B.  P.).  Boro- 
jrcerin  i»  a  cumpouinl  fonued  by  heating  l>ori«:  acid  in  glycerin,  and  the 
Icial  glyceritum  or  glycerinum  contains  this  diwHolved  in  glycerin,  alH>ut 
liartA  of  boric  acid  being  used  t*i  form  1(X)  parts, 
Vnguenium  Acidi  Borici  (B.  P.),  10  per  cent. 

"   "      Borm  (U.  8.  P,),  Boroz  (B.  P.),  R^rax  (Na,B,0^  ^  10H,O)  forms 
crystals  with  a  sweetish  nlkaline  ta^^te.     It  i»  floUible  in  wat*?r  (16 
b)  to  whicb  it  give«»  an  alkaline  reaction,     0.3-1,3  G.  (5-20  grs.), 
Bl^eerinum  Baroeis  (B.  P,)  (I  in  6). 
Mel  Boracis  (B.  P.)* 


Boracic  acid  has  been  used  as  a  surgical  antiseptic  iu  eolntion  (four 

/cent.),  ointment,  or  lint,  aud  the  sohition  of  the  acid  or  of  Ixirax 

also  used  as  a  wash  in  aplithe  and  other  forms  of  irritation  of  the 

mouth*     Boracic  acid  solution   has  been  given   internally  in  dilute 

ratery  solution  as  a  gen ito-nri nary  disinfeetant^  lias  also  been  injwteil 

ito  the  bladder,  and  is  fref|uently  used  in  ophthahnie  surgt^ry,  as  lie- 

ig   les.s  irritant   to  the  eye  tlian   the  more  |M>\verful   antiseptics,      lu 

Sternal  medicine  the  acvid  and  the  salt  have  In^en  used  in  epilepsy,  and 

iu  the  hope  of  dissolving  nrie  acid  caleuli,  but  bave  not  been 

bown  to  be  efficient  for  either  pur|>ose.      ii<vraeie  aciil  and  lK>ra?c  are 

>mctime5  added   to  milk   or  other  ftnit!   as  preservatives,  ami   it   has 

been  much  discussed  whether  tbe  habitual  use  of  sueh  preserved  foo<ls 

likely  to  prove  deleterious  to  the  health*    The  ^^neral   result  of  the 

ivestigations  is   that  while  no  preservative  should   be  addnl   to  food 

[dess  it  is  absolutely  unavoidable,  boric  acid   in   ni<*denite  c| nan ti ties 

not  prejudicial  to  jK^rsous  in  ordinary  health  and  in  fact  is  less  liable 

derange  the  digestion  than  nitrate  of  p^Jtassium,  which  has  l>een 

^med  as  a  preservative  from  time  immemoriaL      Foodie  preserv^ed  with 

boracic  acid  should  not  be  used  by  delicate  individuals  or  by  children 

jwever,  and  the  quantity  of  the  acid  used  must  be  strictly  limited^ 
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xxnr.    CARBONIC  Acm. 

Carbonic  acid  is  contained  in  considemble  quantity  in  nmiiT  1 
pentic  preparations,  notably  in  the  eiferv^esoent  cathartics  and  imti 
and  also  in  many  l>everages,  such  as  soda  water,  potash  water,  chi 
pagne  and  other  sparkling  wines.     In  sorae  of  these  it  is  formed) 
the  action  of  an  acid  such  as  citric  or  tartaric  acid  on  carbonati 
others  it  is  liberated  in  the  course  of  fermentation,  while  in  the  i 
eial  aerated  waters  it  is  forced  into  solution  under  high  pressure, 
hii^t  are  therefore  simple  solutions  of  carbonic  acid,  while  in  the  otii 
more  |K)werful  agencies  —  cathartic  salts  or  alcohol — ^  are  contaiue' 
addition. 

Carbonic  acid  has  a  weak  irritating  action  when  applied  in  qnauti 
thus  in  baths  charged  with   carbonic  acid,  a  slight   reddening  of  1 
skin  has  been  observed,  and  some  irritation  and  prickling  of  dentid 
surfaces  is  prodiiccHl  ;  a  stream   (»f   carbonic  acid   directed  againal 
woinitl  or  burn  causci^  considerable  beat  and  pain.     Pure  carlx)nic  i 
ga.s  causes  spasm  of  the  glottis  when  inliaied,  and  eveai  whe^i  it  ismU 
diluted,  sorae  irritatitm  in  the  respiratory  passages  may  follow  at  fill 
Solutions  of  carlxinic  aci<l  induce  reddening  of  the  mucous  membn 
of  the  mouth  and  stomach,  and  are  very  rapidly  absorbed,  owing  I 
the  congestion  and  increased  bkmd  flow  in  the  stomach  wall  wWdi 
follows  their  administration.     Much  of  the  carbonic  acid  is  thrown  up 
by  ernetation^  but  some  of  it  is  absorbed  and  is  excreted  by  the  lungs. 
The  at)s(irbed  acid  has  no  effect  on  the  organism,  but  the  slight  irtits* 
tion  of  the  stnmaeli  nuiy  cause  increased  appetite  and  a  feeling  of  well- 
being.     The  rapid  absorption  of  the  water  in  which  it  is  dissoh'«l  jj 
followed  by  an  augmented  secretion  of  urine,  and  the  carbonic  \ 
waters  are   therefore  used   in   preference  to  ordinary  waters*  wlicrej 
rapid   flushing  of  the  tissues  and  a  profuse  secretion  of  urine  i^ 
sired.     In  addition,  the  slight  irritation  of  the  mouth  and  stomas 
renders  them  more  acceptable  than  ordinary  waters  in  fever  amJ  ^^ 
other  diseases  accompanied  by  intense  thirst ;    a  mixture  nf  milk  sod 
aerateil  water  is  ofien  very  grateful     The  presence  of  carlH»nie  nm 
the  spnrkltng  wines  leads  to  the  rapid  absor|>tion  of  the  «Uw^ 
',  and  this  action  on  the  stomach  may  explain  their  being  ronrcel^ 
Irating  than  other  wines  contmning  an  etpial  amount  of  alcott 
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[slight  irritant  effect  of  carbonic  acid  in  tlie  stomacli  has  proved 
_*nefit  in  some  forms  of  gastric  catarrh,  such  a-^  that  following 
tenbolic  exoess.  Carbonic  acid  waters  are  also  useful  in  the  vomiting 
^^regnancy  and  in  seasickness, 

^Khe  prt^longed  application  of  carbonic  acid  to  the  raucous  raem- 
Ibies  leads  to  local  anaesthesia,  and  numbing  of  the  skin  is  also  stated 
JQOccur  under  .similar  treatment. 

MDarbi)nic  acid  is  absorbed  from  all  the  mucous  membranes,  from  the 
^Kn  and  from  the  lungs.  The  gas  has  no  effect  after  absorption  ex- 
Hpt  when  inhale*!,  however,  as  when  absorbed  in  any  other  way  it 
lire  at  ntiee  excreted  by  the  lungs,  and  the  amnunt  absorbi^l  nev*T  altei's 
ttpreciably  the  normal  percentage  of  carbonic  acid  in  the  blowl, 

iipn  carbonic  acid  is  inhaled  unmixed  with  oxygen,  it  induces  aaphyxiaf 

i  a  3p>ecific  action  w*hich  it  exerts  on  the  central  oerv^oua  syBtem, 

,    from  the  absence  of  oxygen.      Its  etfeots  are  therefore  very 

liil.ir  to  those  of  any  indirterent  gaj5,  su<'h  x\s  hycirogeti  or  iiiti*ogea,  and 

symptonis  are  those  of  ordinary  aspbyxiii.     When^  however^  carbonic 

is  inhaled   mixed  with  a  suttieieut  amount  of  oxygen,  the  specific 

of  the  giis  are  ol>aerved  without  any  asjihyxia.     The  syraptonLS  are 

of  tmnsieut  stimulation  and   subsequent   depression  of  the   eentral 

I  systecn  and  heart.     The  first  stage  is  marked  by  a  very  short  period 

f|isychi(:al  exaltation,  with  deep  respirations^  a  slight  rise  in  the  blood* 

e^ure  and  a  moderately  alow  pulse.     Very  soon^  however,  unconscious- 

loas  of  the  spout^ineous  movements,   and   later  of  the  spinal  reflexes 

ilow,  the  respiration  be^^-omes  somewhat  slower  and  shallower^  the  pulse 

otiaaes  slow  and  the  begirt  is  weaker.     If  the  inhalation  be  continued  the 

nrftiioQ  fails,  the  heart  continuing  to  beat  for  a  short  time^  thoug^b  weakly, 

hi!  symptoms  of  the  first  stage  seem  to  be  due  to  a  direct  stimulant  action 

I  thtj  oerebrttm  and  on  tbe  vagus,  vaso-motor  and  respiratory  centres,  while 

*  second  stage  resembles  that  induced  by  the  ordinary  anajstbetics,  and 

I  evidently  caused  by  depression  of  the  central  nervous  system  and  of  the 

►  muscle.     In  fact  a  mixture  of  carbonic  acid  and  air  has  been  used  as 

ItiUBSthetie  in  one  or  two  surgical  operations.     Death  from  carbonic  acid 

oaing  is  not  preceded  by  convulsions,  those  obser^^ed  in  ordinary  as- 

bytia  being  due  to  the  absence  of  oxygen,  and  not  to  the  excess  of  car- 

lie  acid  ;  it  is  sti!l  undecided  by  which  of  these  factors  the  incre^ased  per- 

sia  seen  in  suffocation  is  caused.     In  well  diluted  vapor  the  symptoms 

fesalUition  alone  are  observed,  no  anaesthesia  following. 

'  rboaic  acid  in  excess  acts  as  a  poison  to  other  organs  besides  the  central 

\  system  and  the  lieart^  although  this  effect  is  not  seen  in  mammals. 

muscle  loses  its  irritability  rapidly,  the  ciliated  epithelium  ceases 

aeot,  and  the  motor  nerves^  after  a  short  period  of  incre^ised  excita- 

Wity,  are  paralyzed  by  exposure  to  an  atmosphere  of  carbonic  acid.     The 

^feod  assumes  tbe  venous  color  when  shaken  with  the  gas,  and  prolonged 

Pbatact  produces  acid  hiematin,  as  does  any  other  acid, 

Cartioaic  acid  probably  acts  as  a  general  poison  to  tbe  protoplasm  in  mam- 
l&AlSy  apart  from  the  effects  on  tbe  central  nervous  system,  for  the  combustion 
^  the  tissues  is  lesseued  to  an  extraordinary  degree,  as  is  evidenced  by  the 
||iy  small  amount  of  oxygen  absorbed. 

Compressed  carbonic  acid  gas  absorbs  much  heat  in  expanding,  and  a 
atraam  of  it  directed  against  the  skin  induces  intense  cold  and  might  tbere- 
fope  be  used  to  induce  local  aniesthesia,     (See  Ether,  page  182.) 

The  inhalation  of  diluted  cjirbonic  arid  has  been  recommended  in  various 
pulmonary  affections,  such  as  phthisis  and  bronchitis,  but  is  of  very  doubt- 
fiil  beucfit. 
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Miueral  watery  cotiUiioing  largo  quantities*  of  carbonic  acid  in  solution  t« 
oft^n  reconimeiideii  as  bath*  m  various  fhrouie  disoa&e^,  such  as  rheuinatiam. 
The  effects  may  l>e  *lue  to  the  carbonic  acid  m  part,  but  these  waters  ilso 
contain  salts  id  solution. 
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XXV.    CHLORINE  AND  BROMINE. 

Chlorine  and  bromine  resemble  each  other  closely  in  the  effects 
which  they  induce  in  all  forms  of  living  matter.  These  may  be  ex- 
plained in  part  by  tlieir  replacing  hydrogen  in  its  combinations  in  rhe 
proteids  and  forming  hydrochloric  or  hydrobromic  acid  with  the  hydro- 
gen set  free,  in  part  by  their  combining  with  the  hydrogen  of  water 
and  thus  liberating  na.*^cent  oxygen,  which  then  acts  on  the  ti5su«.  I 
The  latter  process  is  bclie%*cd  to  account  for  tlie  fact  tliat  chlorine  i«  a 
much  more  powerful  disinfectant  in  moist  air  than  in  dry.  In  the. 
higher  organisms  all  of  these  reactions  probably  occur  together. 

Action.  —  Chlorine  and  bromine  are  general  protoplasm  poisons; 
thus  3  parts  of  chlorine  in  1,000  parts  of  moist  air  are  sufficient  to 
destroy  the  spores  of  most  bacteria  in  the  course  of  three  hours,  and  \ 
the  infust^ria  and  the  higher  plants  have  been  shown  to  be  equally 
susceptible  to  the  influence  of  the  gas.  Even  smaller  quantities  of 
bromine  are  disinfectant. 

To   the  higher  animals  and   in   man  chlorine  and  bromine  act  as     i 
irritants.     Tims  chlorine  water  (a  saturated  solution  of  chlorine  ij^| 
water)  induces  irritation  and  redness  of  the  skin,  and  even  blieterin^^ 
when  the  gas  is  prevented  from  escaping.     Bromine  also  causes  very 
painful  blistering,  the  fumes  penetrating  more  deeply  into  the  tissues 
than  the  non-vc»latiIe  irritants,  and  causing  more  widespread  irritation. 
Bromine  or  chlorine  water»  when  swallowcilj  elicits  intense  luflamraB- 
tion  and  corrosion  of  the  mouth,  throat  and  stomach,  with  collapse  and 
all   the  ordinary  effects  of  gastric  irritation.     Air  containing  even  a 
very  small  pro]>ortion  of  chlorine  irritates  the  eyes,  nose,  larynx  and 
the  decfXT  respiratory  passages,  the  bronchi  and  lungs  seeming  more 
susceptible  than  the  rest  of  the  tract,  for  bronchitis,  pulmonary  con- 
gestion and  hieraorrhages,  coughing  and  pain  in  the  thorax  are  induced 
by  quantities  that  cause  little  or  no  irritation  of  the  mouth  and  nose. 
Lehmanu  found  that  one  volume  of  chlorine  or  bromine  vapor  in  one 
million  parts  of  air  cause  some  irritation,  but  no  serious  results,  but 
that  ten  volumes  in  the  same  amount  of  air  inhaled  for  some  time, 
cause  haemorrhage  and  inflammation  of  the  lungs,  severe  bronchitis  and 
other  similar  effects*     After  fatal   poisoning  from  the  inhalation  of    ' 
bromine,  he  observed  marked  irritation  of  the  gastric  mucous  meni- 
branc,  while  this  symptom  was  absent  after  chlorine.     Another  point   ' 
in  which  bromine  differs  from  chlorine  is  in  its  powerful  action  on  the 
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[iwhich  is  rendered  soft  and  gelutiuous,  and  eventually  rcmoveiJ 
fely  by  exposure  for  some  time  to  tlie  vapor. 


symptoms  of  chlorine  and  bi-omine  poisoning  are  causeil  by  their 
ion  only^  and  are  "So  severe  thiit  Ihey  might  eoneeal  tho.se  induced 
~  ^  of  the  hiilogeus  after  jib?M>iplioii.  The  greater  projxurtion  of 
alaons  is  undoubtedly  changed  to  tiydrochlorie  and  hyilrobromic  acids, 
S^ese  again  to  chlorides  and  bromide.s  in  the  course  of  absorption.  But 
ems  possible  that  some  muy  form  proteitl  compounds  in  the  liody  (as 
euj*  in  the  te-it-tube),  and  that  these  may  have  aome  aelion,  A.H  a  mat- 
f  fifcct  both  eh!oriue  and  hromiiie  are  stated  to  have  a  narcotic  eflect  on 
ir^n  quite  apart  from  their  I  oral  effects,  but  nothing  further  is  koowu 
leir  action  in  the  tissues.  HL^rxheiraer  has  recently  described  four  cases 
iuit  he  considers  chroaic  eh loriue  poisoning  in  workmen  exposed  to  the 
II  manufactories  ;  the  chief  symptoms  were  acne  of  the  skin,  anfemia, 
llamufesa  and  confusion.  But  it  is  not  3'et  established  that  these  cases 
)  due  to  chlorine  itself,  for  Bettinatin  found  a  very  similar  condition  in 
lunen  in  a  chemical  factory  in  which  there  was  no  reason  to  believe  that 
irine  was  evolved  ;  he  is  inclined  to  atlribnte  it  to  some  unknown  organic 
und  containing  chlorine. 

Preparations. 

Chiori  (U-  S.  P.),  chlorine  water,  contains  at  least  4  parts  of  the  gas 
000  parts  of  water.     It  is  a  clear,  greenish   litiuid  with  the  sutfoeating 

of  chlorine  and  is  liable  to  form  hydrochloric  acid^  especialiy  when 
N»ed  to  the  air  and  sunlight.     It  ought  therefore  to  be  freshly  prepared 

the  full  strength  is  reqoired. 
Wr  Chiorala  (U.  S,  P.),  Calx  ChUrrinata  (B.  P.),  chlorinated  lime,  bleach- 
powder,  ec^metimes  erroneonsly  called  cidorid©  of  lime,  is  a  compound 
bed  by  the  action  of  chlorine  on  lime.     It  consists  of  a  mixture  of  cal- 

hypochlorite  (Ca(C10)3),    calcium  chloride  (CaCl,),    lime   and   w^ater. 

hypochlorite  is  very  unstable  and  gives  off  chlorine  in  air,  and  espe- 
ly  in  the  presence  of  an  acid.  Strong  aciils  al^^o  free  the  hydrochloric 
of  the  chloride,  and  this  is  decomposed  by  the  hypochlorite  into  chlorine 
r.  ChlorinattMl  lime  forms  a  white  or  gnjyish- white  powder,  with 
of  chlorine.  It  is  only  partially  soluble  in  water,  and  must  contain 
leas  than  35  per  cent   of  available  chlorine,  U.  S.  P.;  33  per  cent.  B.  P, 

'ttor  Calcis  Chhrinaiie  (B.  P.).— The  solution  should  yield  about  3  per 

of  chlorine. 

Uyuor  Sod^  Ch!4}ratm  (U.  S.  P.),  Liqiior  Sodw.  Chlorinate  (B,  P.),  solution 
chlorinated  soda,  Labarnique's  solution  or  Javelle^s  solution,  is  formed 
m  chlorinated  lime  and  contains  hypochlorite  of  soda  (NaClO)  and 
oride  of  soda.  Like  the  corresponding  lime  salt,  it  has  the  odor  of 
iorine,  and  bleaches  vegetable  colors.  It  must  contain  at  least  2.6  per 
It.  fcy  weight  of  available  chlorine,  U,  8.  P.;  2,5  per  cent.,  B,  P,  10-20 
Ibs. 

^rofmum  (V.  S.  P.),  bromine,  a  heavy,  brownish-red  liquid  evolving  a  yel- 
Ir-red,  very  irritant  vapor. 

Chlorine  was  formerly  used  internally  in  infectious  disease,  Init  this 
I  been  entirely  abandoned,  since  it  has  been  recognized  timt  it  is 
Ich  more  poiftonons  to  the  higher  animals  than  to  the  micro-organ- 
Ig.  The  inhalation  of  chlorine  in  phthi.^is  has  also  fallen  into  dls- 
I  for  the  same  reason.  Chlorine  water  and  the  solution  of  chlori- 
ked  soda  are  still  occasionally  used  as  antiseptic,  deodorant  solutions 
,e  treatment  of  foul  sores,  and,  more  rarely,  to  disinfect  the  liuods 
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before  operation  ;  both  preparations  are  very  irritant,  however, 
rine  water  much  diluted  has  been  used  as  a  gargle,  as  a  vaginal 
lion  and  for  other  similar  purposes. 

The  chlorine  preparations  are  chiefly  used  tp  disinfect  faeces,  ud 
aud  to  a  less  extent  rooms  and  houses  ;  for  this  purpose  chloria 
lime  is  the  most  suitable,  especially  when  acid  is  added  to  it  in  exi 
The  nx^m  ought  to  be  hermetically  sealed,  and   the   fumes  are 
value  as  disinfectants  unless  they  are  present  in   such  quantity 
render  the  air  quite  irrespirable.     They  have  the   disadvantage 
tliey  bleach  most  of  the  colors  usetl  in  dyeing,  and  fail  to  penet 
sutticient  quantity  into  the  clothing,  which  they  also  corrode  to 
extent.     Chlorinated  lime  exposed  in  the  sick-room   merely  scr 
a  dt'odorant,  and  has  no  disinfectant  value,  but  has   the  disadvs 
of  giving    a  false  feeling    of  security   like    otlier  similar    me 
Clilorine  seems  inferior  to  sulphurous  acid  anhydride,  and  still 
go  to  formal  in  as  a  disinfectant,  not  from  its  being   weaker  in 
but  because  it  is  more  difficult  to  apply  in  sufficient  quantity. 
riuatiLHl   lime  can,  hi^wever,  be  applied  m  urinals  and  closets, 
lx»th  these  disinfectants  are  unavailable.      Here  it  acts  again  as  a | 
odorant,  while  its  disinfectaot  value  is  smaller. 

Bromine  is  also  powerfully  disinfectiiut,  but  has  not  been  used  [ 
tically  for  this  purpose  in  i-ecent  years.      It  is  occasionally  eraplcj 
as  a  corrosive,  e,  g.^  in  disease  of  the  os  uteri. 

In  Foisomng  with  chlorine  taken  by  the  inouth,  alkalies  are  advil 
with  the  view  of  neutralising  the  acid  formed,  and  narcotics  may  J 
lu'oessary  for  the  pain*     In   causes  of  poisoning  by  inhalatioa,  bU 
may  be  inhaleil  to  lessen  the  imtation,  and  ammonia  has  been  adrisl 
but  is  itself  irritant.     In  corrosion  of  the  skin  with  bromine,  ooe  I 

tier  ct*nt.  carbolic  acid  has  l>een  applied  with  success,  it  is  sai<^l 
jmmiue  being  precipitated  as  brouipheuol.  Vapor  of  carl>oIicj 
bus  iilsu  been  inhaled  in  bromine  irritation  of  the  nose  and  throat. 
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IXVL     OXYGEN. 
^Mdtaovery  of  the  relation  of  oxygen  to  the  respintioSti 


i  iMkTe  VtMl  wmSm  to  use  it  in  therapeutics,  by  inhaliu^  the  gH6p<B«* 
H^bief^  yuWk  tyir^  or  hf  tending  a  certain  time  each  day  in  chambers  of  t  ' 
|UM>l4  9ists     It  ytwm  expeelcd  thnt  by  these  means  a  larger  amount  of  o^I 
-H^nH  %i  iteoriMlt  4^>^  ^  more  active  combustion  in  the  ti«(5ues  ^aM  1 


_  Tilt  iteMVtioii  of  oxygen  by  the  lungs  dt»e^  not  depend  oB 

ji^^rlM  fiiWMii^  oC  IM  ox 


LMiM^hiMM  ^  ikit 


osygimiy  however,  bat  on  ita  aflinily  for  the  mi^^d 
It  is  true  that  the  oxygen  dkswilvfil  in  ^ 
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Is  increased  by  a  great  rise  iu  the  barometric  pressure,  or  by 
lug  pure  oxygen,  but  thb  disatilved  oxygeo  is  tritliiig  in  amoyut  fom- 
wilh  that  in  combination  with  ihe  hiemoglobia.  Under  ordiuury  eon* 
thcnf  the  air  i?*  suffieient  tu  oxidize  almost  all  the  reduced  hiemo- 
iMn  ptts^ng  through  the  iuugn,  and  oxygen  lessens  but  slightly  the  small 
^■Dttioii  that  escapes  by  the  pulmonary  veins  unoxidized.  As  far  as  the 
Hi^are  concerned,  the  oxidation  is  of  course  the  same  whether  the  oxy- 
B^if^lobiQ  carried  to  them  by  the  blood  wa.s  formed  in  a  pure  atmosphere 
Pftxygeo  or  in  air,  of  which  it  comprises  only  nlwut  20  per  cent.  The 
B^t  increase  in  the  oxyhemoglobin  of  the  blood  ha^  no  ai>preciab!e  etieet, 
•  more  oxygen  L^  offered  to  (lie  tissues  normally  than  they  can  assimilate. 
I  is  iherefore  inconceivable  that  the  vei^y  slight  iuL-rease  in  the  r|uanlity  of 
KSygen  in  the  blood  can  have  any  elfect  on  the  oxidation  in  the  tissues,  but 
t  the  gas  be  inhaled  under  high  prei^ure,  the  augmented  tension  in  the 
St- mm!  may  induce  some  symptoms^  and  this  is  according  to  Smith  the  ex- 
II  of  a  tendency  to  tetanic  convulsions  which  he  found  developed  in 
under  these  circumstances  \  hilarity  and  some  otlier  nervous  ejects 
\  to  have  been  induced  in  man  in  some  instances,  and  tbese  may  also 
;preted  as  the  results  of  the  high  oxygen  tension  in  the  bloml^  if  they 
aot  the  products  of  fancy  and  suggestion.  The  apniea  which  is  ob- 
In  anindals  after  vigorous  artificial  respiration  is  due  not  to  an  excess 
rygen  in  the  blood,  but  to  the  diminished  amount  of  carbonic  acid  pn>h- 
i,  for  the  oxygen  of  the  blood  in  apntea  is  praiticully  the  same  in  aUKtunt 
lint  during  ordinary  respiration.  Oxygen  inhalation  is  therefore  « neap  a- 
lof  increasing  the  oxidation  in  the  tissues,  or  in  fact  of  modifying  in  any 
'  the  aietalx:)li5mf  and  experience  has  shown  it  b>  be  valueless  in  such 
titutional  diseases  as  diabetes  and  gout,  iti  which,  niorrover,  it  has  been 
Donstrat^d  that  there  is  no  dehciency  in  the  oxygen  of  the  blood. 
"he  further  question  arises  whether  oxygen  inhalation  is  likely  to  be  of 
eflt  in  the  cyanosis  due  to  severe  cardiac  or  pulmonary  disease.  Improve* 
\j»  very  oft<3n  observed  clinically,  the  skin  losing  its  dark  color,  and  the 
on  and  heart  becoming  le^s  rapid  and  labored  as  soon  as  the  inhala- 
ammenced,  and  alarming  s^Miiptoms  returning  when  it  is  sto]tpeiL 
may  be  explained  by  the  larger  amount  of  oxygen  dissolved  in  the 
when  air  is  breathed ^  tlie  plasma  contains  only  about  0.6  per  cent. 
oxygen  in  simple  solution,  but  when  oxygen  is  inhaled  the  percentage 
f  rise  to  3  per  cent,  and  this  may  reinforce  the  oxygen  carried  by  the 
^obin.  In  cases  in  wliich  only  a  small  quantity  of  blood  is  passed 
•ough  the  lungs  owing  to  circulatory  disorder  or  where  the  aerating  surface 
the  lungs  is  diminished  by  exudation,  this  small  supplementary  sufiply  of 
O^jfpn  maybe  of  importance.  Again  the  air  actually  inspired  does  not  pass 
Jfrpctly  into  the  alveoli,  hut  difTuses  from  the  wider  air  i massages  into  the 
ptro w er  on  es  a  n  d  t  h  e  n  reac  he s  t  h  t '  a hso  rbf  n  t  su rfaces .  P*  i  re  o  xy  gen  d  i  lf\is es 
^^f^  rapitlly  anil  in  larger  ipiantity  into  the  alveoli  thjin  when  it  is  mixed 
^^tlj  nitrogen,  and  it  is  therefore  conceivable  that  wheti  the  movement  of 
r^^  air  in  the  air  passages  is  insufficient,  oxygen  may  give  relief  hy  dilFusing 
'^  larger  quantity  into  the  alveoli.  IrisulTlcient  movement  of  the  air  currents 
?*^y  be  due  to  obstruction  of  the  reapiratt>ry  tract,  as  in  tisthma  or  severe 
J'tinchitLs,  or  to  slow  and  shallow  breathing  from  depression  of  the  centre. 
^<^rdingly»  the  inhalation  of  oxygen  is  said  to  be  followed  by  relief  in 
'^e  eases  of  asthma  and  bronchitis,  and  it  has  been  recommended  in  nar- 
^ic  pi*isoning. 

When  the  hiemoglobin  of  the  blood  is  so  altered  as  to  be  incapable  of 
■^^nsporting  oxygen  to  the  tissues,  as  in  eases  of  poisoning  with  carbon  mon- 
^^ide.  nitrites,  chlorates,  nitrobenzob  etf\,  oxygen  inhalation  is  indicated,  for 
«  has  been  shown  by  Haldane  and  others  that  the  [(hk^ma  dissolves  enough 
Jjcygen  to  maintain  life  wlicn  that  sup|died  by  the  blood  corpuscles  is  insuf- 
Icient,  Tlie  inhalation  has  to  l>e  continued  until  the  symptoms  of  deficient 
lAmtion  have  disappeared. 
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Many  microbes  are  killed  or  at  m\j  rate  much  retarded  in  their  growti 
when  freely  exposed  to  the  air,  and  attempts  have  been  made  to  treat  pnj. 
niociary  phthi^  by  oxygen  iahalatioiK  The  resultB  have  been  les^disa^ 
trotis  thao  tiiose  of  some  of  the  other  treatments  by  inhalation,  but  nodi^ 
tinct  beoefit  has  accrued,  and  in  some  eases  hiemoptytsis  has  been  indoctd 
by  it  from  some  anexplained  cause.  8m)th  has  recently  found  that  the  in- 
halation of  oxygen  under  some  pressure  causes  irritation,  congestion  aod 
eonsolidation  of  the  lungs  in  mice  and  birds. 

Oxygen  is  inhaled  through  a  ma&k  cotuiected  with  a  large  container  irhk 
ii*  filled  from  a  lank  of  the  compresBed  gaB,  Ver>*  often  the  oxygen  mav  f 
diluted  with  air  and  for  this  purpose  a  small  opening  may  be  made  m  ( 
mask. 

Ozone,  or  active  oxygen  (O,),  is  a  much  more  powerfiil  oxidizing  b<»i: 
ordinary  oxygen,  but  is  more  easily  reduced  than  peroxide  of  hyi 
It  has  a  curious  phosphorous  odor  and  is  somewhat  irritant  to  the  re*{ 
membranes,  but  it  b  almost  always  accompanied  by  nitrogen  oxi^l- 
some  of  the  properties  which  have  been  ascribed  to  ozone  may  be  dut  ta 
these  impurities.     It  \s  rapidly  decomposed  by  living  matter^  and  it  ^em 
very  improbable  that  it  can  be  absorbed   into    the  blood ;    yet    Binz  and 
Schulz  bielieve  that  oxone  induces  narcosis  in  dogs,  rabbits  and  kitteiif,  and 
Schulz  found  in  experiment*  in  which  ozone  was  inhaled  repeatedly  fur  lowf 
periods  that  it  indocetl  vomiting  and  dyspnoea^  bronchitis,  a'dema  and  hKiwi- 
extravasation  in  the  lungs  ;  conjunctivitis  also  occurred  in  some  experimente. 
Sebulz  ascribes  these  symptoms  tc»  the  ozone,  but  they  may  be  due  in  purt«t 
any  rate  to  the  impurities,  or  perhaps  to  oxygen. 

Ozone  has  undoubtedly  antiseptic  properties,  but  these  are  only  apparent 
when  air  contains  13  5  mg.  or  more  per  litre,  a  concentration  which  il  k 
quite  impossible  to  attain  in  practice.  Even  this  disinfects  only  the  air  it^lf 
and  the  surfaces  of  objects,  as  the  ozone  loses  its  oxidizing  properiies  when- 
ever it  com»»s  in  i-ontiict  with  oi^nic  matter  and  therefore  fails  to  penetral*. 

Ozone  inhalation  has  been  recommended  in  the  hope  of  increaMnj:  the 
oxi;iation  of  the  tissues,  and  as  an  antiseptic  in  pulmonary  phthisis,  hut  its 
irritant  properties  preclude  its  use  here,  and  it  has  been  generally  discarded. 
It  was  supposed  to  l>e  formed  in  turpentine  oil  on  standing,  and  old  tur^»eD* 
tine  oil  wiis  therefore  recommended  in  cases  of  phosphorus  poiKniing. 
with  the  hope  that  it  would  tend  to  oxidize  the  phosphorus  and  render  il 
harmless.  Recent  investigations  show,  however^  that  no  ozone  i^  formed  in 
turpentine  od,  and  there  is  no  reason  to  suppose  that  the  treatment  is  of 
l>enefit. 

Antozon  is  a  mixture  of  oxygen  and  peroxide  of  hydrogen,  and  many  other 
so-called  solutions  of  ozone  contain  only  small  percentages  of  the  peroxide 
and  no  ozone  proper,  as,  though  the  latter  is  soluble  in  water,  it  decomposeB 
very  rapidly,  only  traces  of  it  being  found  in  the  solution  after  10-15  days. 
It  hreaks  up  into  oxygen,  and  does  not  form  hydrogen  peroxide. 

The  ozone  of  the  air  has  been  appealed  to,  in  order  to  explain  and  adver- 
tise the  benefits  induced  by  many  watering  places  and  forei^t  resort*  but  il 
has  never  been  satisfactorily  proved  that  the  air  in  these  localities  eontaios 
more  ozone  than  in  other  less  favored  places.  The  curative  a  gen  cv  is  ge&- 
emJIy  the  change  of  scene  and  interests,  and  the  dietary. 
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XXVn.     PEBOXIDE  OF  HYDROGEN. 

BD  peroxide  or  dioxide  {H.jOJ  tends  to  break  down  into 

ad  oxygen  very  rapidly  in  the  presence  of  many  substances, 

iti  themselves  may  l3e  eitlier  oxidizing  or  reduciag.    Among  the 

'which  induce  this  decomposition  or  catalysis  are  all  forms  of 

^  matter,  and  the  peroxide  of  hydrogen  la  therefore  dec<:)mpo9ed 

Eight  in  contact  with  the  tisBiies,  the  oxygen  thus  liberated 
nt  condition  tending  to  oxidize  its  surroundings ;  the  chief 
:his  liquid  are  therefore  due  to  its  oxidizing  prf>j3erties.  It  is 
ifally  met  with  in  dilute  solution  in  water,  and  in  this  form  alone 
b  in  medicine.  Brought  in  contact  with  the  skin,  peroxide  of 
^gen  solution  is  decomposed,  and  numerous  bubbles  of  oxygen  are 
lied,*  but  this  decomposition  proceeds  much  more  rapidly  when  it  is 
lied  to  denuded  surfaces  or  to  uuieous  membruues.  The  oxygen  is 
med  in  such  quantity  that  some  irri tuition  may  follow,  and  thus 
■often  vomit  when  it  is  administered  in  quantity  by  the  mouth, 
m  it  is  injected  subcutaneously,  a  large  amount  of  oxygen  is 
Bed  in  the  subcutaneous  tissues,  but  some  of  the  [^roxide  escapes 
[>mj>osition  and  is  absorbed  into  the  blood.  Here  the  decomjMiai- 
I  pfijceeds  more  violently,  the  red  blood  cells  having  a  strong  e^ita- 
c  action,  and  the  oxygen  set  free  may  cause  emboli  and  lead  to 
den  death.  The  formation  of  emboli  is  seen  most  frequently  in 
rabbit,  but  was  in  all  probability  the  cause  of  death  in  one  case  of 
d  poisoning  in  man,  in  which  a  solutiim  of  hydrogen  jieroxide  had 

0  used  to  wasli  out  the  pleural  cavity.*  Emboli  are  uot  formed  in 
>  dog  on  hypodermic  injection,  nor  in  either  dogs  or  rabbits  pjisoned 
the  stomach — in  the  latter  ease  probably  because  the  liquid  is  more 
tly  absorbed  and  is  almost  entirely  decomposed  in  the  mucous 
mbrane*  Even  in  the  blood  and  tissues  the  wluile  of  the  peroxide 
not  decomposed,  for  several  observers  have  found  traces  of  it  ex- 
ted  in  the  urine, 

[njected  intnvenously  in  either  dogs  or  rabbits  the  peroxide  is  rap- 
f  deeoni|>(>-.'jd  in  the  blood,  anil  forms  emboli  which  prove  immcdi- 
ly  fatal  by  stopping  the  circulation  through  the  lungs,  heart  and 

ID, 

lie  action  of  hydrogen  peroxide,  then,  apart  from  its  local  effects  Ls  ex- 
laed  by  its  obstruciiug  th«  blmul  vesseis  raectiiinieiilly.  Coliisanti  hiis 
wd  recently  thiit  in  addition  it  forms  methtemoglobin  in  dogs  and  thus 
Uto  a  marked  dt^crea^^e  iti  tlio  ratitabolisra  from  the  non -aeration  of  the 
uea,  but  his  sUiteraetit  rei[uires  further  conlirmation. 

The  catalytic  decomposition  of  the  peroxide  is  not  necessarily  asso- 
»d  with  the  life  of  the  tissues,  for  it  occurs  also  in  excised  organs 

1  in  ^rawn  blood.  In  fact,  it  was  formerly  supposed  that  it  t4T*:»k 
oe  only  in  the  blood  outride  the  tissues,  and  that  the  circulating 
(xl  had  no  effect  on  it,  but  this  has  been  shown  to  be  erroneous, 

A  concentntted  solution  h  said  to  corrmle  tbe  skin,  leaving  a  white  escliar* 
In  M»venil  nihtjrloKUiiK'es  hemipk-gia  han  been  ol>8erved^  apparently  from  embolbm 
ebral  art«riesw 
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The  different  ofgaiK  tvt  i-maiiaafalj  in  their  catalytic  power,  the 
red  blood  celk  and  the  Irviar  eeOt^  b«Bg  the  most  active,  and  it  bas 
been  stated  that  this  aedoa  tif  the  tEsnt  cdls  is  closely  associated  with 
the  prcseoce  of  nodeopnoai^  i  Gtxs^sbL,  Spitser^ ;  but  Loew  hm 
shown  that  it  is  doe  m  the  pteamce  of  a  widely  oistribated  ferment 
(catalase)  in  most  inscaaeesw 

The  catalysis  of  hydrogen  pa«>xnie  occnrs  in  the  lower  forms  of  life 
as  well  as  in  the  h%her.  T&a»  germinating  seeds,  yeasts,  infbsoria 
and  the  microbes  all  free  oxj^^en  fnxn  the  solution,  and  in  &ct,  & 
rough  estimate  of  the  number  of  microbes  in  water  may  be  fomied 
from  the  amount  of  oxygen  given  off  by  it  on  the  addition  of  the  per- 
oxide (Grottstein).  Tlu§  deo>mpix»cion  k  &tal  to  most  of  these  lower 
forms,  presumably  from  the  naseenc  oxygen,  and  peroxide  of  hydrogen 
is  therefore  a  powerful  antL^epde*  a  three  per  cent,  solution  proving 
as  strongly  bactoicidal  as  a  one  per  mille  solution  of  corrosive  subli- 
mate ;  but  when  the  microbes  are  contained  in  a  medium  with  much 
organic  substance,  as  in  woonds^  the  bactericidal  action  is  very  much 
reduced. 

In  recent  years,  attention  has  been  drawn  to  other  bodies  analogous 
to  hydrogen  peroxide,  some  of  which  possess  powerAil  microbicidal 
properties.  The  peroxide  is  represented  by  the  structural  formula 
H — O — O — H  and  one  of  the  hvdrogeos  mav  be  replaced  by  benzoyl 
or  acetyl,  forming  C^CX>— 6— OH  (beiio-peracid)  or  CH,CO 
— OOH  (aceto-peradd).  These  have  been  shown  to  be  much  more 
powerful  germicides  than  hydrogen  peroxide,  while  they  give  off 
oxygen  less  readily;  in  fiwrt  they  are  comparable  only  to  corrosive 
sublimate  in  their  destructive  effect  on  microorganisms  and  even  sur- 
pass it  in  &vorable  conditions.  This  suggests  that  the  disinfectant 
action  of  this  group  is  not  really  due  to  its  liberating  oxygen  only, 
otherwise  the  activity  of  these  peracids  would  be  less  than  that  of  the 
peroxide  as  they  part  with  their  oxygen  less  readily.  It  is  possible, 
however,  that  the  difference  reaUy  arises  from  the  way  in  which  the 
oxygen  is  liberated;  for  example,  the  peracids  may  penetrate  the 
microbes  and  free  oxygen  in  th^ir  interior,  while  the  peroxide  is  re- 
duced before  it  passes  through  the  cell-wall.  The  peracids  are  pre- 
pared with  difficulty  and  are  very  unstable  bodies,  so  that  it  is  unlikely 
that  they  will  prove  of  value  in  practical  medicine.  But  they  are 
formed  when  the  aqueous  solutions  of  some  more  readily  available 
substances  are  allowed  to  stand  for  some  time.  In  these  both  the  hy- 
drogen atoms  of  hydrogen  peroxide  are  replaced  by  organic  radicles 
forming  organic  peroxides  such  as  diacetvl  peroxide  (CH3CO — O — 0 
— COCHjVand  benzoyl-acetyl-peroxide  (C^^CO— 0---0— COCH,). 
On  dissolving  these  in  water,  the  |)eracids  are  formed  and  the  soluticMis 
are  very  powerful  disinfectants  which  have  been  suggested  for  surgical 
use  and  also  as  intestinal  disinfectants ;  practical  clinical  experience 
alone  can  decide  whether  they  possess  that  value  which  their  results 
in  the  laboratory  seem  to  indicate. 
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Preparation, 

Hydrogcnii  Dioxidi  (U.  8.  P.),  Liquor  Hydrog^nii  Peroxidi  (B.   P.), 

C^n  of  hydrr^gen  dioxide  or  fK*rtixi<li%  eon taius  about  3  per  cent,  by 

,  of  the  pure  dioxide,     Eiich  volume  uf  lliis  sol ui ion  is  capable  of  set- 

^11  volumeiis  of  oxygen  when  completely  decomposed.     Some  acid 

led  to  the  pC'foxide  solution  in  order  to  relurd  its  decomposition^  hut  it 

liy  changes  wlieii  kept,  4*0  that  only  fresldy  prepared  solutions  are  of 

trength.     The  aolutiou  is  colorless  and  odorless,  but  has  an  acid  Uit^te 

I  the  added  acid^  and  the  oxygeu  freed  iu  the  moulh  gives  a  curious  sen* 

I  and  forms  a  froth. 

herapeutic  Uses,^— Hyilrogen  dioxicle  ia  used  b>cully  as  a  disinfect- 
jlutiun  in  so}>punitiynj  dipbtlieria  and  iirothral  itifectiou.      Iu  pus 
lies  the  oxygen  is  freed  witli  ^reat  rapidity,  and  the  pusH.H)rjjus<?les 
to  be  disintegratoi     Tlie  Ciibilysis  is  due  in  part  to  thene  eor- 
les,  in   i>art  to  the  microlx^s,  and  the  extent  of  the  suppuration 
be  ei^ti mated  from   the  ainnunt  of  eServescenee.     Peroxide  8olu- 
difier  from   most  other  disinfetnants  in  the  short  duratioo  of  tlie 
icUon,  which  passes  off  as  soon  as  all  the  oxygen  is  liberated.      In  ad- 
^&)ii  to  its  mierobieidal  action  proper,  this  agent  loosens  and  destroys 
of  infect<.il  material   by  the  tueehanieal  effect  of  the  liheration 
gas,  and  the  wound  or  cavity  m  thus  cleaned  by  it  nmre  jxt- 
Jy  than  by  washing  with  ordinary  antiseptic  solutions.     The  solu- 
has  been   reconiruemled  for  use  m  ophthahuic  practice,  and  for 
I  purpose  may  be  diluted  one  halt: 

Bibliography, 

Virt"how*j^  Arch,,  Ixxiit.^  p.  23  ;  Ixxv-,  p.  255. 
Ibid,,  Ixxiii.^  p.   "17. 
^tr,     Centndiji.  f.  Ikcteriol.,  viii.,  1890,  p.  129. 
London  Mtdicail  Kecrd,  ]H\n. 

I  and  BrutftifUn.      Areli.  Ital,  de  Riol.,  xxv.,  p.  228, 
Virchow's  Arch.,  exxxiii.,  p.  295» 
Pflager'fi  Arcli.,  Ixvii.,  p.  til')- 
Beitnige  z.  klein.  Cliir.,  xxvii,,  p.  127. 
r.  St  Dejittrt.  of  Agrli-idture  Kep.,  No.  6^. 
f  tmd  Freer.     J  u 1 1 m .  of  Ex  p.  M  ed .^  vl,     (  Pi- r^ i ci d;*. ) 

Other  Oxidizing  Disinfectaiits. 
[Other  oxidizing  bodies  have  been  used  a.s  antiseptics  and  disinfect- 
Tlius  (hlcium  Pero.ridr  or  (rortt  lias  Ix^eu  reeomni ended  as  a 
ftric  and  intestinal  disinfectant  for  children  in  doses  of  0/2-0.6  (t. 
^5  lailk  ;  the  action  may  depend  in  j>art  on  the  calcium  hydrate  formed 
^5  Well  as  on  tlie  oxygen  liberated. 

Similarly  the  Permdphak^^  of  potassium  and  sodium  (fin,fi.jO^)y  per- 
**rfjW,  possess  strong  oxidizing  properties  from  their  liberating  oxygen 
Jo  txmtact  with  organic  matter.  They  are  only  feebly  poisonous  but 
"3ve  not  been  extensively  used  as  yet. 

Some  older  and  Vietter  known  disinfectants  also  owe  their  powers  to 
'berated   oxygen^  and  among  these  that  most  largely  employed  ts  tlie 
ermnnf/atifde  of  Potamium. 

When  a  solution  of  this  salt  comes  in  contact  with  organic  matter, 
^cli  as  albumin,  the   permanganate  at  once   part8  witli  some  of  its 
38 
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oxygen,  which  attaches  itself  to  the  albumin.  Permanganate  is 
poisonous  to  protoplasm,  not  througii  the  presence  of  the  whole  mok^ 
cnle,  l)Lit  in  consetiueiice  of  the  oxidation  of  the  proteids.  ^Vs  soon  as 
the  [HTniunganate  is  reduced,  it  of  coursi^  loses  this  action,  k>  cliat  tk 
oxidi/itig  etfect  i.s  limited  io  the  skin  and  the  snrface  of  the  mutmn 
uicmbranes.  Concentrated  sulutions  irritate,  and  even  corrode  the^^kin, 
and  induce  gastro-enteritis  when  swallowed.  IVrmanganate  solutions 
are  antiseptics  of  considerable  |>i>\ver,  owing  to  their  oxidizing  and  tLtis 
destroying  bacteria.  They  fail  to  penetrate  deeply  in  an  active  form, 
and  this  renders  them  of  less  value  than  many  other  antiseptics,  eicept 
in  very  supcrfiL'ial  inft^ction. 

Preparations. 

Foiamii  Permntufunas  (II.  8.  P.,  B.  P.)  (KMnO  )  forma  slender  crj'stalsof 
a  dark  puqile  color  and  a  sweetLsh,  after  wards  disa  green  hie  and  astriiig^Dl 
tast«.*,  soluble  in  sixt*?eii  parts  of  watcr^  reduced  Uy  alcohol  and  other  ur- 
ganic  bodies.     0*05-0.2  G.  (1-3  i^rs.),  in  pilU  mad*^  up  with  kaolin* 

Liquor  Fotassii  Per  manga  mit  is  (B.  P.),  a  1  per  cent,  solution  in  water, 
2-4  rt.  drs. 

Therapeutic  Uses.  —  The  permanganate  has  V>een  used  interiiallj  Ib 
amenorrhom  anil  chli^ruais. 

Externally  it  h  used  for  its  disinfectant  and  deodorant  action,  as  an 
jip])licatiou  to  gtmgrenous  ulcers,  canceron??  sores,  diplitheria,  and  gon- 
orrhn?a.  In  dilute  solution  it  may  be  n,scd  as  a  gargle  and  mouth 
wash  (1  jwr  cenL),  tf>  disinfect  the  hands  (l-^J  jier  cent.),  which  it  stnins 
brown,  and  lor  otlier  i^inillar  purpo^^es. 

It  liUH  i*€^cently  been  rcconi mended  in  jioii^oning  with  phosphon;^ 
prnssic  acid,  morphine  and  otht'r  alkaloids,  on  the  theory  that  th(^ 
poisons  are  oxidized  by  it  in  tiie  stomacli,  and  thus  reuderc»d  harm- 
less. Fur  this  purpose  it  is  given  in  ^  per  cent,  solution.  It  maybe 
questioniHl  whether  much  pcruianganate  reaches  the  stomach  unredut^, 
and  the  metluKl  is  certinnly  less  ndiable  than  the  stomach  tulie.  Only 
the  pcHsoii  actually  in  the  stomach  i.s  destroyedj  |H'rmantjanate  having, 
of  course,  no  etii'ct  upon  that  abs<*rl>ed  into  the  blixjd.  In  snakebite, 
permanganate  has  l)ccn  adviscil,  and  it  undoubtedly  has  some  action  OD 
the  poison  when  it  comes  in  contact  with  it,  and  may  therefore  be 
used  to  wash  tljc  wound  and  also  to  inject  around  it ;  it  has  no  effect 
uiK>u  the  poison  ah'cady  al>iHorbed. 

Condy^s  Fhiid  is  a  strong  solution  of  impure  permanganate,  which 
is  of  use  to  disinfect  and  deodorize  urinals  and  fseees^  but  must  be 
poureil  on  them,  and  cannot  be  employed  to  disinfect  rooms* 

Sijme  of  the  caustics  owe  part  of  their  action  to  the  oxygen  liber- 
ated when  they  eorne  in  contact  with  organic  matter.  Thus  Chrornk 
Acifi  destruys  tissue  in  part  through  its  acidity  but  this  is  reinforced 
by  it^  oxidizing  iKJWers. 

XXVIII.    PHOSPHOEUS. 
In  the  early  part  of  last  century  phosphorus  played  a  very  iiin>ortant 
r^>le  in  thera  pen  tics,  ami,  in   fact,  was  regai-^if^l  almost  as  a  panacea, 
but  at  i)rcseut  its  use  is  much  more  restricted^  and  some  doubt  is  en- 
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fcertatued  as  to  its  possessing  any  therapeutio  value  whatever.  At 
the  same  time  it  has  been  the  subject  of  nmcli  anrl  liilxirious  investiga- 
fcioD^  partly  because  it  has  irequeutly  giveu  rise  to  poisuniug,  aiitl  paanly 
beoause  the  study  of  its  effects  has  thrown  much  light  ou  some  pliysi- 
ologtcal  autl  pathological  processes.  It  differs  from  luost  jK^isons  in 
lotiug  for  the  must  part  on  certain  phast':^  of  the  anininl  mctaholism, 
and  in  having  comparatively  little  (lirect  aclifju  at  the  point  of  appli* 
cation,  or,  iudeeil,  U[K>n  atiy  >?ingU_*  organ. 

Phosphtirus  ii  absorlicd  with  difficulty,  because  it  is  very  insoluble 
in  water  and  the  bmly  fluids  and  is  oidy  jsh^wly  volatilized  at  ordtnary 
body  temperature.  Large  masst^s  *d' pliosphorus  may  thus  pass  through 
the  alirocutary  c^nal  wilh<uit  serious  effect?;^  liecuuse  they  fail  to  l>e 
dissolved  and  absorbed,  lint  when  it  is  taken  in  a  liuely  divided  crui- 
dition  or  in  solution  in  oil,  it  gives  rise  to  symptoms  in  very  small 
quantity,  and  has  been  found  to  induce  fatal  |wusouing  in  man  in  doses 
of  0.05-0.1  G.  (1-2  grs/).*  In  these  iHinditions  it  is  absorbed  partly  as 
vapor,  i>artly  in  solution  in  watcr^  which  dissolves  only  traces  liow- 
ever,  and  probably  chiefly  in  solution  in  tlie  tats  and  oils,  in  which  it 
is  ni  u ch  ra  ore  so  h  i  bl  e ,  F  h  os  | )  h  c  >  rn  s  v  a  po  r  i s  a  1  so  absor b«  *d  by  the  1  u  ngs, 
atid  the  symptoms  of  chronic  |HUsoning  in  match  factories  are  believed 
to  arise  in  this  way»  It  does  not  seem  to  Ik^  taken  up  from  the  skin, 
and  has  to  fact  little  effect  unless  when  rubbed  on  it,  when  it  ignites 
awl  gives  rise  to  severe  burns ;  phos(*horus  burns  do  not  cause 
phosphorus  poisoning,  however,  as  is  sometimes  stated.  The  red 
amorphous  phosphorus  is  nineh  l4;;ss  poisonons  than  the  oixlinary  yel- 
low form,  because  it  is  less  soluble  and  also  less  vohuile,  and  conse- 
quently fails  to  be  abstirlxHl. 

Phosphorus  exists  in  the  bhxvd  as  such,  and  the  effects  on  the  tissues 
are  uni|Uestionably  due  to  the  clement  itself,  and  \mi  to  the  oxygt^n  or 
hydrogvsri  coniptmnds,  as  has  been  suppJsecL  Some  phos[»hurette<l 
hydrogen  (1*H,)  may  be  formed  in  tlie  bowel,  hut  is  comparatively 
UDim(^»ortantf  the  great  mass  of  the  phosphorus  being  absorbcil  nn- 
igliauged.  As  stKUi  as  it  is  oxidized,  phosphorus  h.ises  iti^  six>eitic  ao- 
Udh,  all  of  the  acids  being  compamtively  hurmless.  Phosphorus  has 
been  detect4?d  in  the  I»1imk1,  and,  it  is  saiti,  in  some  of  the  excretions* 

»It  is  devoid  of  action  on  albumins  in  solution,  and  has  no  immediate 
itant  effects,  such  as  art*  seen  in  poisoning  with  the  heavy  metals. 
Symptonis*^ — ^When  a  poisonous  dose  of  phosphorus  is  swallowed,  no 
effects  are  elicited  as  a  general  rule  for  several  hours.  The  first  symp* 
tocDs  are  pain  and  discomfort  in  the  region  of  the  stomach,  nausea  and 
jflMUatton  of  the  vap<»r  with  its  cliaracteristic  garlic  odor,  and  then 
Vbmittng,  the  contents  i>f  the  stomach  liaving  the  same  o«lor,  and  being 
phosphuresoeiit  in  the  dark,  l^ater,  liile  may  lx>  vomited,  and  some 
dtarrhcra  may  set  in,  although  this  is  not  a  ct^rmnion  symptom.  The 
ttMSea  and   vomiting  ofleu  continue  without   further  symptoms  for 


1  Phorahoroi  i«  often  nattl  in  &uici(ie»  genemlljr  in  tbe  fortu  of  mt  poison  or  of  nmtclt 
li««cl«.  Each  phcitphaniB  matrh  b  estimmted  to  carry  3-0  mg.  of  |JUOMphoru&,  wa  ibat 
15-20  match  h^iuU  xns  iBlBdcot  to  induce  fatal  potsuning, 
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several  davB,  bot  frequently   ilissappeiir,  and   the   patient  aiipaMitly 
recovers^,  partieularly  if  the  da>e  hiis  Ix^en  >?ma]l,  or  if  most  ot"  it  \m 
l>eeii  retiio% tnl  by  vomiting  or  by  washing  out   tlie  btomaeh.     lii  (be 
course  of  a  few  days,  however,  the  Bymptoma  reeur,  and  arc  generally 
aeconipaiiied  by  some  jaundice  ;  the  pain  extends  from  the  fetomadMu 
the  liver,  and  ^mm  to  tlie  whok*  of  the  abd<mieii.     Tlie  vomited  tm\m 
n«»  longer  eontiuns  |»lK»s|>horns,  but  may  be  bhxKly.     The  patient  c»mh 
plains  of  general  weakness  and  faintness  ;  tlie  pulse  is  wc-ak,  the  livi^rei- 
tends  far  l)elow  the  ribsjUud  the  urine  shows  c ha raeteristic  change?  tK-e 
page  G02);  haemorrhages  occur  from  the  nose,  bowel,  uterus,  and  nmliT 
tlie  skin,  an*l  eventually  a  condition  of  collapse  and  fatal  cemia  follow. 
Convulsions  and  delirium  have  been  observed  in  a  considerable  [trr^- 
purtion  of  cases  towards  the  termination  of  the  intoxication,     Dctitb 
may  occur,  however,  in  the  first  stage  or  early  in  the  second,  before, 
complete  exiiaustion  is  reached,  and  in  these  cases  would  seem  to  bf 
best  explained  by  the  direct  action  of  the  poiscm  on  the  heart.     If  only 
a  small   quantity  be  swallnwed  <>r   if  active  therapeutic  measures  lie 
taken  early,  tlie  patient  may  receiver  witliout  any  secondary  symptoms, 
and  even  when  these  have  folio wed»  the  prognosis  is  not  hopeless,  for 
the  symptoms  sbnvly  disappear  in  a  certain  proportion  of  cases. 

Exposure  to  the  fumes  of  p!iosphorus  has  long  been  known  to  give 
rise  to  periostitis  anil  necmsis  of  the  lower  jaw.  The  disease  begins 
from  a  canons  tooth  or  from  some  lesion  of  the  gum,  and  may  invob'e 
most  of  the  jaw,  which  be(!omes  swollen  and  painful  and  eventually 
evacuates  large  quantities  of  |*us  with  pieces  of  dead  bone.  This  ne- 
crosis was  formerly  frequent  in  matcli  factories,  hni  has  becnme  mm 
since  amorphous  phosphorus  has  been  substituted  for  the  yellow  form, 
and  since  greater  attention  has  been  paid  to  the  ventilation  of  the  fao- 
tories  and  to  the  condition  of  the  teetli  of  the  employees.  Magitot  has 
recently  advanced  the  opinion  that  ex[>nsure  to  phosphorus  fume* 
gives  rise  to  a  mild  chnniic  tbrm  of  poisoning,  quite  iLside  from  the 
necnjsis,  which  is  comparatively  raiv.  Tlie  symptoms  are  cachexia, 
slight  jaundice,  aniemia,  aiul  ubmniiiuria,  and  in  more  advanced  c«^ 
chronic  enteritis  and  diarrhtea,  bronchitis,  and  a  curious  fragility  of  tte 
bones. 

ActioE:  Fatty  Degeneration* — A  very  striking  teaiure  in  phosphorus 
jKiitRining,  and  one  that  was  early  recognized  in  its  history,  is  the  ap- 
pearance of  numerous  fat  glolmles  in  the  cells  of  many  organs,  notably 
in  those  of  the  liver,  kidney,  gastric  and  intestinal  glands,  and  in  the 
muscle  fibres  f^f  the  heart,  .stomach,  intestine,  smaller  arteries  and  often 
of  the  skeletal  muscles*  The  question  has  l>een  raised  whether  this  fiit 
is  fijrmcil  by  the  degeneration  of  the  protoplasm  of  the  cells  in  which 
it  is  found,  or  whether  it  is  not  transported  from  other  parts  of  the 
body  and  only  deposited  iu  tljese  cells,  the  school  of  Voir  tmiintainitig 
the  fiirmer  view%  while  Pfiuger  and  his  pupils  uphold  the  latter.  The 
advantage  at  present  seems  to  lie  with  Pfluger,  who  has  shown  that 
the  total  fat  of  the  IhxIv  is  not  increased  by  phosphorus,  althotigh  this 
has  been  met  by  Liudemaun's  explanation  that  a  certain  amount  of  fat 
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lyed    during  the  iiitoxicahnu,  ami   thjit   if  more   fat  were  not 

aifd  fnjm  the  pniteids  through  theaeti<ni  uf  the  pnison,  there  would 

tfaund    a    marked   detieieney   at   ileath,       A  strong   arguoient   for 

&r's    view  1*5   adduced    by   lioseaberg,   who   found   tliat  when  an 

ha.s  been  fed  on  foreign  fats  {e,  7,,  a  dog  upou  mutton  suet)  and 

poisoned  with  pljospliorus^  the  fat   found    in   the  liver  cells  is 

[jterLstic  of  the  food  antl  not   that  of  the  |K>isone<I  animal  as 

^t  \ye  expected  if  it  were  derived  from  the  proteids,     Tlie  qne^^tion 

ji  yet   be   said  to   be  determined,  altlinngh  the  burden  of  proof 

inly  seems  to  rest  on  the  defen<ler5  of  the  earlier  view  that  the  fat 

from  the  degenerated  |>rotoiils  of  the  eells  in  whieh   it  is  fiunuL 

^tty  degeneration  or  iniiUration  sets  in  only  after  some  time,  and, 

J  accx>mpanies  the  secondary  symptoms  for  the  most  part,  althongh 

lis  of  the  j*tomach  and  upper  part  of  the  intestine  suffer  sooner, 

the  beginning  of  this  process  is  probably  the  eansc*  of  the  early 

ttitiog. 

}n  pbosphorns  ^K>isoning,  as  In  other  instances  of  fatty  degeneration, 

I  process  commences  in  elondy  ssvelliiig  of  the  cells  followed  by  the 

ir;ince  of  granules,  whieh  soon  develop  into  fat  globules.     Even- 

Jy  the  degenerated  cells  break  up  into  detritus, 

Inother  fetitore  in  pfiospln^rus  poisoning,  which  is,  however,  better 

after   repeated  small  doses  than   after  a  single  large  one,  is  the 

feration  of  the  Interstitial  Connective  Tissue  of  the  stomach,  liver 

kidney,  which  finally  induces  typical  cirrhosis  of  these  organs.    It 

formerly  supposed   that   this  indicated  a  specific  irritant  action  of 

th«*  phosphorus  vapor  on  the  c<mnective  tissue^  but  many  pathologists 

tlow  regard   this   proliferation  as  a  sccontlary  result  of  the  necrosis  of 

Uie  parenchyma  cells.     In  animals  |Miisonc<i  by  the  prolonged  ad  minis- 

tration  of  small  quantities  of  phosptiorus,  the  ordinary  effects  of  hepatic 

tad  renal   cirrhosis   have  been   induced,  sueli  as  dropsy,  auiemia  and 

liexia, 

[Besides  the  cells  which  have  undergone  fatty  degeneration,  the  liver 

eii  contains  numerous  microscopic  areas  of  necrotic  tissue  and    in 

ber  parts  actively  dividing  pareuehymatons  cells. 

[When    very    minute  quantities  of  phosphorus  are  administered  to 

lUf  no  [K>isoning   results,   but  according    to  Wegner  a    specific 

Don  on  the  Bones  is  induced,  especially  in  young  animals,  in  which 

Imnes  are   still   growing.     Thus,  in  young   rabbits,  quantities   of 

mg.  given  for  several  weeks  are  found  to  be  followed   by  char- 

erislic    changes   in   the   growth  of  tlic  long  bones,  apparently  in- 

Juoed  by  the  phosphorus  acting  as  an   irritant  or  stimulant  Ut  the 

boae-furming  cells  (*istenblasts).     Wherever  cancellous  bone  is  being 

fcrmed  from  cartilage,  phos[*horus  is  stated  by  Wegner  to  cause   the 

deposit   of  a   byer  which  resembles   tlie   dense   Ixme  of  the  sliaf\  in 

*he  normal    animal    in   general  appearance  and    also    histologically. 

This  layer  of  dense  bone  at  the  growing   point  is  at  first  the  only 

change  inrlucwl,  but   if  the  treatment   hists  longer,  the  soft  t-ancetlous 

bone    wliich   was   deposited    before   the  phosplnjrns   treatment   began, 
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slowly  than  usual »  the  difiereace  is  trifling.      In  mimjr  cases  of 
poi^^oning,  the  blcHxl  is  fouud  not  ta  clot  so  readily  as  usual,  and 
times  to  remain  fluid   for  forty-eight  hours  or  more.      Acoordio 
Corin  and  Anniaux  and  Jaeoly  this  otcurs  only  in  cases  in  whiclil 
patients  live  for  several  days,  and  is  not  a  direct  effect  of  the  ^ 
but  is  due  to  the  changes  in  the  intestine  and  liver,  which  lei^^d 
entirely  destroy  the  fibrinogen.     Jaoobj  slates  that  the  blmxl  not  ( 
fails  to  ch»t  but  is  capable  of  redissi»lving  fil>rin  and  artributes  thij 
thf  presence  of  the  autolytic  ferment  of  the  liver. 

The  absence  of  clotting  in  the  blood  may  be  a  factor  in  the 
rliagcs  which  are  met  with  among  the  symptoms  of  tlie  second 
but  the  immtiliate  cause  of  these  is  the  fatty  dt^generation  of  the  i 
rular  coat  of  the  smaller  arteries  throughout  tlie  body.     These  cbai^ 
in  the  blotjd  vessels  may  j>erhaps  explain  the  (edema  of  the 
whicli  is  seen  in  animals  jx>isoncd  with  phosphorus,  though  these  1 
als<j  been  attributed   to  s<mie  change  in  the  bLxnK      Occa.siooally  j 
grene  of  the  extremities  has  b«?eu  iibserved  in   phosphorus  poisoi]|| 
pnibahly  owing  to  the  clianges  In  the  vessel  walls. 

Small  doses  of  phosphorns  generally  increase  the  number  of  the  i 
blo<xl  cells  iu  man,  and  even  in  poisoning  a  sudden  or  gradual  inc 
in  these  may  ocKUir,  along  with  a  diminution  of  the  leucocytes. 
hjemoglobin  is  not  i>orres|>ondingly  augmented,  however.  In  the  lowcf  i 
animals  the  effect  on  tlie  blood  cells  varies  a  good  deal ;  in  the  do 
considembly  increased  destruction  is  generally  believed  to  take  pl» 
in  the  rabbit,  no  distinct  aken*tion  in  the  nnmlter  of  the  re<l  cells  Uit 
some  leucocytosis  has  been  ol>served,  wliile  in  fowls  an  increase  in  t^ 
leuc<x\vtes  aceom|iau!es  a  marked  destruction  of  the  red  cells;  iutki 
frog  the  number  of  red  cells  is  not  reduced. 

The  |>eripheral  Nerves  and   Muscles  do  not  seem   to  be  aflectcdl 
phosphorus  poisoning,  except   io  so  far  as  the  latter  undergo  fatty  < 
generation.     An  excised  muscle  lives  almost  as  long  in  salt  soli 
containing  phosphorus  as  in  the  nnpiisoned  sohuion< 

The  Central  Nervous  System  is  also  little  changed  by  plioephon 
The  conm  and  convulsions  which  ap|>ear  before  deatli  may  W 
rather  to  the  dtsonlereil  metab^ilism  than  to  any  direct  influence,  ail 
shown  by  the  fact  that  otnsciousm^s  is  preserved  throughout  the  fif^ 
stage,  and  as  a  general  rule  until  late  in  the  seconth  Certain  cliangl 
in  the  nerve  cells,  which  were  alleged  to  lie  inducted  by  the  actiou  <» 
phosphorus,  have  l>eeu  shown  to  be  due  to  the  method  of  hanleoii^ 
the  tissues  that  was  used. 

The  fatty  degeneration  of  the  epithelial  ct^lls  of  the  Stomieli 
Intestme  explains  t!ie  alxlorainal  j>ain,  the  vomiting  and  the  oecasif 
diarrhim  seen  among  the  secondary  symptoms.     The  earlier  pha^tfs^ 
tllis  action   may  be  the  cause  of  the  vomiting  anil   nausea  of  tf»e  fill 
0»f^.     Tins  <legeneration  occurs   also   when    phospliorus   is  hp'    _ 
hy|HHlcrmii^iHy,  and  is  thertfore  of  the  same  nature  as  that  in  tk 
,.il,.,i>   "  rms.     The  cells  uf  the  stomach  first  attacked  are  those  ol 
lid  the  condition  has  been  termed  gastrodenitis. 


PHOSPHORUS.       ^HHir  ^^^ 

■^ti  some  twelve  years  later,  aud  observed  the  layer  of  white  dense 
^fSL-ribed  by  Wegner  at  the  edge  of  the  ossifying  cartilage,  but 
mivj^  it  Qot  as  the  result  of  excessive  activity  of  the  osteoblastij,  but 
*  to  a  shower  absorption  of  the  calcified  cartilage  from  a  le?*s  rapid 
■  Mion  of  the  blootl   vessels  than   is  mvrniaL      With  large  doses  he 
^•-Iced  appearances  closely   reseiubling   those  of  rickets*     Several 
^^   investigators  have  observed   changes    in   the   bones  after  phos- 
j*^iis^  so  that  there  is  good  reas^on  to  believe  that  it  possesses  some 
Ific  action  on  them,  ahhough  some  writers  failetl  to  obtain  definite 
Its  aod  of  those  who  observed  a  modifiesitit»u  in  the  grow^th  no  two 
in  the  description  of  the  elianges  or  in  their  interpretation.     This 
ific   action  on   the  bone-forniiug  tissues   anil    particularly  on   tlie 
im    has  been   used  by  Wegner  to  ex[>lain  the  necrosis  of  the 
ia  match  factories.     He  supposes  tliat  the  phosphorus  vapor  reach- 
le  periostenm  of  the  jaw  through  a  carious  tootli  or  some  lesion 
le  guncLs,  excites  a  mild   periostitis,  which  in  turn  leads  to  the  for- 
itton  of  new  layers  of  Wmo  amund  the  jaw.      Xecrosis  of  tlie  Iwnes 
uot  been  satisfactorily  demonstrated   in  animals  exf^osed  to  piios- 
Eiharu^   vafK>n  althimgh   numerous  expt^rinients  have   been   performed 
\\  -ct  uf  studying  its  dcvelooment.     The   view  of  the  latest 

is  that  microbial   infection  is  necessary  to  permit  of  the 
inj^-^  oljserved  clinically^  but  tliat  phosjihorus  induc€*s  some  change 
■'       bone!5  which  predisposes  them  to  infection  by  the  tul>ercle  ba- 
iintl  other  orgiOUsu)s  which  induce  mnTosii?.     Tlie  occnri^nce  of 
nftdis  of  the  jaw  is  in  fact  a  strong  argument  tin*  the  correctness  of 
view  that  a  specific  action  on  bone  exists,  for  under  no  other  pfjiaon, 
n  when  much  more  irritant  vapor  is  inhaled,  does  a  similar  process 
oocar  in  man.     The  exact  nature  of  this  action  on  bone,  and  its  rela- 
^iun  to  rickets  and   to  osteomalacia  must,  however,  he  left   for  further 
irch  tfi  determine. 
Phosphorus  weakens  and  slows  the  Heart  when   it  is  applied  to  it 
directly   in  the  frog,   or  by  intravenous  injectitm  in    mammals.     In 
many  cases  of  acute  |>oisoning  in  man,  however,  the  heart  <I<k?s  not 
&eem  to  be  se  r  ion  si  y  a  Ifec  tetl  until  ve  r  y  1  a  te ,  a  u  d  t  f  i  i  s  is  j  la  rt  icu  I  a  r  1  y  the 
ca?e   when  comparatively  small  quantities   have  been  absorbed.      In 
those  cases  in  which  large  amounts  are  swallowml  in  solution  or  in  fine 
division,    and    in    wliich   death   (»ccnrs    before  any    secondary    symp- 
toms have   I>een  deveh^pedj  the  fatal   issue  is  generally  ascrilM'd   to  tlie 
cardiac  action.     This  diivct  actit*n  on  the  heart  must  be  distinguished 
fmm  the  fatty  degeneration  of  the  cardiac  nnisele,  whieli  is  seen  in  the 
Mter  stages  <»f  poisoning,  for  no  degeneration  of  the  heart,  and,  in  iact, 
J>fi  pathological  changes  whatever^  may  b<^  found  in  those  rapidly  fatal 
^Oi<^t$.      Phosphorus  acts  on  the   heart   muscle  directly,  aufl   doi*s  n(»t 
Bm  to  atiect  the  regnlating  nerves  in  any  way.      According  to  Pal, 
tlie  bliKjd- pressure  is  lowered  in  some  cases  not  by  cardiac  acticuj,  but 
by  the  dilation  of  the  vessels. 

The  Blood  is  but  little  changed  outside  the  body  by  phosphorus, 
for  though  Araki  states  that  the  hjemoglobm  parts  with  oxygen  more 
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the  fi}>rinogi'n  of  the  blood  a^  a  further  effoct  of  this  liver  autolvjslK,  ft 
he  fouinl  that  the  injection  of  the  autolytic  ferment  into  normal  anliii; 
prevented  eoagulution. 

The  fatty  degeneration  of  the  K«nal  Epithelium  may  account  in  pt] 
for  the  albnminuna,  which  is  not  generally  severe,  and  is  not  infny 
quently  absent  in  cases  of  pt*i8oning»  Fatty  casts  and  even  globulw 
of  fat  are  often  found  in  the  urine  in  eases  which  run  a  chn»nic  cotim, 
BIoikI  and  hicmugloljin  may  ahso  apfM'ar  in  it  from  ha^morrhugr5?  ioto 
the  kidney.  Tlie  other  changes  in  the  urine  are  not  referable  to  tk 
renal  disease,  but  to  the  modification  of  tlie  general  metabolistj  of  tb 
tissuen,  the  kidneys  merely  excreting  the  abnormal  products  of  decom- 
position which  ap|)car  in  the  iilood. 

Tliese  abnormalities  in  the  Urine  have  been  examined  very  ofteD^ 
but  some  discrepancies  are  still  to  be  found  in  the  accounts  of  diffm'nt 
authors.  The  urine  itself  is  often  somewhat  increaeed  in  qnantily  tu 
the  early  stages  of  the  intoxication,  but  afterwards  becomes  deficient^ 
and  towards  death  complete  amiria  may  be  observed.  The  iutTPHiml 
urine  is  prol>ably  due  to  tht*  increiisc  of  the  urinary  substances  in  liie 
blood,  while  the  dim  i  nut  ion »  which  may  occur  early,  may  be  explained 
by  the  small  cpiantity  of  water  absorlxil  from  the  stomach  and  intps- 
tine,  by  the  degeneration  of  the  secretory  cells,  or  by  the  failure  of 
circulation. 

The  nitrogen  of  the  urine  varies  consideralily  in  different  cjkm^ 
Very  often  in  ttie  first  few  days  after  the  ingestion  of  the  poigon,  it  is 
markedly  diminished  in  amount,  but  this  is  not  due  to  any  specific 
action  of  the  poison,  but  lo  the  prohjnged  nausea  and  vomiting  which 
prevent  the  ab8or()tion  of  fiKxl ;  the  nitrogenous  excretion  thus  cor- 
responds to  that  during  the  first  few  days  of  starvation*  After  this, 
however,  a  very  considerable  increase  in  the  nitrogen  is  observed,  even 
althongli  the  patient  continues  to  fast.  In  the  course  of  starvation  a 
rise  in  tlie  nitrogen  excretion  also  occih*s  after  some  time*  but  tins  i^ 
never  so  great  as  that  seen  in  phosphorus  poiMming,  so  that  the  poisoa 
has  generally  been  cre<lited  with  a  sj>ecifie  action  increasing  the  waste 
of  the  nitrogenous  tissues.  The  excretion  of  urea  dtx^s  not  increase  in 
pro|K:»rtion  with  the  total  nitrogen,  in  fact  less  urea  is  often  excreted 
than  in  the  first  days  of  the  intoxication.  But  the  nilrogen  excreted  in 
the  form  of  ammonia  is  mucli  increased  in  man  and  the  dog,  while  it 
is  not  altered  in  the  rabbit.  This  excretion  of  ammonia  suggests;  the 
formation  of  excess  of  acid  in  the  tissue^,'  and  a^i  a  matter  of  fact  sar- 
colactic  acid  is  found  in  very  considerable  fjuantity  in  the  urine  in  man^ 
the  dog  and  the  rabbit  in  phosphorus  poisoning.  The  incmused  am- 
monia of  the  urine  is  therefore  to  he  referred,  at  any  rate  in  |i4irt»  to  the 
fiirmation  of  this  acid  in  the  tissues,  and  if  fixed  alkalies  are  adminis- 
tered, the  ammonia  of  the  urine  falls  at  once  in  amount  because  the 
alkali  neutralizes  the  sarcnhictic  acid. 

The  uric  acid  excreted  is  often  somewhat  increased  in  amount,  but 

on  tiie  wliole  is  little  altered  by  phosphorus  in  man*     This  perhaps 

'See  AiujDuniti,  Acids,  pp.  502,  561. 
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indicates  tliat  the  niielri  of  the  cells  are  less  subject  to  the  action  of 
the  poi^m  than  tlie  cytopiasni,  and  this  is  supfK^rted  hy  histohigical 
examination,  for  the  fat  globules  are  found  in  the  cell  body,  and  not 
in  the  tiucleus. 

The  other  nitrogenous  ei^nstitueuts  of  the  urine  are  not  so  much 
affected,  at  any  rate  in  tnau  ;  some  iiicrea.se  in  the  extractive  substauees 
u  oljserved,  thi;^  fi>rniiug  I  nit  a  small  jiart  **f  the  nitrogenous  inerwii^e 
however.  S<^nie  abnormal  produetH  are  oecasiimaMy,  but  by  no  mean^ 
constantly  seen.  The  best  kiiowu  of  these  are  tyro,sin  and  !eurin  erystala 
which  are  not  aUvay?^  present  in  the  urine,  however,  although  they 
have  been  fmind  in  the  bliKKl  in  sc>uie  quantity-  Baumauu  found  an 
ittcrease  in  the  substances  of  the  aromatic  series  in  the  urine.  Albu- 
min may  be  present  in  small  amount,  and  peptone  is  sometimes  ex- 
cret^nl.  In  additi<»o,  llaruacl;  tlescribes  Nuue  products  wliieli  arc  not 
peptones  l>ut  which  are  apparently  elc*sely  related  to  the  proteifls. 

The  chlorides  uf  the  urine  are  tuueli  reduced  in  amount,  owing  to 
the  [mtient  taking  little  or  no  food.  The  phosphates  of  the  urine  are 
oAen  very  et>nsiilerably  augmented,  but  not  l:>t*cause  of  the  excretion 
of  phosphorus  as  phosphates,  fur  tlie  cpiantity  absorbed  is  t<^M3  small  to 
catise  any  ap|)reeiable  change.  The  increase  in  tlie  phosphates  is 
rather  to  be  ascribed  to  an  augmented  waste  of  tlie  tissues,  and  the 
sulphate's  are  also  excreted  in  larger  quantity  for  the  same  reason. 

\Vhen  icterus  is  present,  the  urfue  may  Im?  dark  in  ador  from  the 
bile  pigment  excrettMl  and  V*ile  acids  are  also  often  contained  in  it, 
Saroolactic  acid  appears  in  considerable  quantity,  and  is  fHjnictiities  ao* 
oomptinieil  by  s<mae  sugar. 

The  alterations  in  the  urine  point  to  some  grave  derangement  in  the 
Metabolism^  by  wliieh,  among  oth«T  results,  an  excels  of  sarcoliictic  acid 
is  f*>r ined  in  the  tissues  and  is  uM  oxidiz^tl  to  airlxuiic  acid  and  water 
in  the  normal  organ isnu     Tliis  acid  has  been  found  excrete<l  into 
stomach  along  with  hydnH-hloric  aeitl,  and  iu  theyood  in  the  form 
alts.     Meyer  found  a  con-Hidemble  nnluctiou  in  the  alkalinity  of  the 
whI  in  phosphorus  pois4nnug,  the  normal  alkalies  having  been  neutral- 
i>d  by  this  acid,  and  it  seems  prolxible  that  many  of  the  symptoms 
phosphorus  poisoning  may  l>e  due  tt>  the  lessenwl  alkalinity.     The 
ic    acid    is   formed   from  glycogi-n,  which  lias   been   found    to    l>© 
'kably   reduced    in  the   liver   in   cases  of  phosphc»rus   jMiisoning. 
Another  b*xly  wliich   disa[>|K»ar>  fn»ni  the  liver  almost  wholly  is  leci- 
thin, but  this  is  probably  ihu^   to  the  inanition.     The  appearance  of 
lactic  acid,  sugar,  and  albumin  in  the  uriiic  is  attributtHl  by  Araki  to 
^^insufficient  oxidation  in   the  tissues,  and  in  the  statement  that  lack  <»f 
^Boxidation  plays  a  f»irt  in   phosphi^nis  pnsonitig,  he  only  cimiifms  the 
^Blmpression  of  many  earlier  writers. 

^^  It  is  fn»quently  staled  that  Hu'  deeomfmsititin  of  the  proteids  is  aiv 
oelerat4*d,  but  this  l>elief  arises  from  the  large  amount  of  nitn*gen  in  the 
urine,  and  this  has  Imx^u  shown  to  Vh*  due  for  the  most  jwtrt  to  the  for- 
mation of  siircolactic  acid  iu  exei^s,  that  is,  to  the  retanltHl  oxidation, 
A  further  i^mh plication  of  the  question  arises  from  the  fact  that  defi- 
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dent  combustion  in  ils^t^lf  seems  to  inercmse  the  nitrogen  of  thi  urine, 
and  it  tlierei'ore  seeme  possible  to  ex ji lain  most  of  the  deviations  from 
the  normal  in  the  urine  uf^  the  result  of  the  le^^^pened  oxidation.  At  the 
same  time  it  is  quite  possible  that  the  proteid  waste  may  l>e  ini^n^aiied 
by  phosphorus  aeting  on  the  tissues  in  some  other  unknown  w, a 
well  as  by  diminishing  their  eombust ion. 

The  frequent  ocenrrcnees  in  the  nrine  of  letiein  and  ty rosin  is  (ex- 
plained l>y  the  destruetive  changes  in  tlie  liver  eells,  and  in  fact  it  is 
pojfsible  tliat  this  alteration  of  the  liver  irresponsible  for  the  syDij)- 
toms  of  insufficient  oxidation,  and  that  the  specific  action  of  phospho- 
rus is  exereisi-d  on  the  liver,  the  other  tissues  being  changed  to  a  \m 
degree  or  only  indirectly. 

It  was  formerly  iK^lieved  that  the  fatty  degeneration  was  defK^ndent 
on  lessened  oxidaticm  ;  that  the  fat  formed  V»y  the  decomfK>sition  of  the 
proteids  e/iukl  not  be  oxidized  as  it  is  normally,  and  therefore  remained 
in   the   eelL     But  this   is   not   consistent   with  the  view  prevailing  at 
present,  that  the  areuniulatiou   of  fat  in   the  liver  and  other  organs  is 
due  to  its  migration  from  other  parts  of  the  Ixxiy,  so  tliat  the  rt-latioB 
between  the  two  phenomena  is  not  so  simple  as  has  bc^en  suppo^^ed. 
l-icssened  oxidation  and  fatty  degeneration  occur  together  under  so  man  J" 
conditions,  however,  that  there  must  almost  certainly  be  a  causal  re-' 
latinii  l>etweeu   them,  tliongh   it   is  imix^ssible  to  state  at  present  it-£^ 
exact  nature.^ 

In  view  of  tlie  curious  eflk^t  of  phosphorus  on  the  tissue  change  oi 
the  vertebrates,  its  actitm  upjn  sim]iler  Ibrms  possesses  some  inter«Bt» 
It  lias  been  found,  liowever,  that  yeast,  infnsoria  and  bacteria  are  very 
little  affected  by  the  prt*senee  of  this  pitison,  and  living  microl)es  are 
found  in  large  nundrers  on  solid  pieces  of  phosphorus.  The  ferments 
aj*e  also  umiffected  for  the  most  part,  pepsin  and  pancreatiti  acting  in 
the  pres(^nce  of  phnsjihonDs,  C*iiriou.sly  enraigb,  although  the  oxida- 
tion is  imjicrteet  in  animals  poisoneil  with  phosphorus,  Hanser  has 
found  tliat  if  phosphor ns  be  added  to  the  blood  which  is  perfused 
through  an  excised  organ,  the  oxidation  is  as  rapid  as  if  no  poison  had 
been  added.  He  ftaunl,  however,  that  some  of  the  synthetic  processes 
of  the  body  were  probably  retarded  l)y  it,  fi»r  less  bi|>puric  acid  was 
formed  in  a  kidney  pert\is(xl  with  blood  containing  phosphorus  than  in 
one  in  which  normal  blood  was  used*  On  the  other  hand  the  autolytic 
activity  of  the  liver  is  augmented,  as  has  been  noted  already. 

The  Temperatare  is  often  ]o\v  in  the  later  stages  of  phosphorus 
poisoning,  l>ut  slight  fever  is  also  observed  in  some  cases. 

The  Pate  f>f  phosphorus  in  the  liody  is  still  obscure.  It  is  possible 
that  some  <>f  it  is  oxidized  to  jibnspboric  acid,  and  some  phosphorus  is 
said  to  be  excreted  by  tlie  huigs»  altliough  the  statement  tfiat  the  breath 
becomes  phosphorescent  seems  to  Ijc  extremely  improbable.     It  is  also 

'  Tlie  lessenerl  oxulalion  in  the  tissiie-K  was  at  one  Unw  ]*eVivxe(\  to  he  due  to  th« 
pbfj8pliuriii*iisiti>r  U|>  tbu  oxy#?f  n  far  lU  own  uxidutjon,  Init  thin  iKulivknialy  incorfet'l* 
lor  tb*?  aniuiint  of  oxygen  ret^iiire<l  ft>r  this  would  he  <|iiite  insiginticant*  Anuiher 
ibeory,  that  f ibosphorus  acta  uf  liberatitig  naiiceui  oxygan  in  the  cells,  is  buBed  on  no 
sutfirient  evideiict* 
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in  some  urgaiiic  combiimtions^  of  vv!iich  nothing 

?y  are  said  t<*  be  volatile.     In  pregnant  auinials 

thorus,  the  fretos  i.s  fnund  to  undergo  liitty  degen- 

Ixiison  would  seem  to  pass  through  the  plawnta, 

^p*geii  (FII^)  inducts  the  same  symptonis  iis  phos- 

rapidly  fatal.     The  oxygea  eoniiKniods  do  not 

Jueh  etlect^,  aad  for  the  most  part  are  harm  less  ex- 

idoses. 

Prep  A  RATIO  X8» 

P.,  B.  P.).  a  trmij^hieent,  nearly  eolorless  solid  re^eraMing 

bon?fiii5ttiTicy.     It  einili^  wtiite  rameH  in  the  iiir,  wliiefi  urtj 

irk,  aail  takes  foe  siKHxtiOifousIy.     The  furiirs  hnvv  the 

in  dilute*  sdlolion  pliusj»horiis  Inis  a  liarsh^  dij^agreeable 

llittie  sohible  in  walei%  nicire  ao  in  aleohol^  and  distKilves  to 

|it.  in  flits  and  uib.     j-l  mg,  (ris-s'o  gr.)  (B.  I\  y^ia-.V  j?r.), 

im  (LL  S,  P.)  (Zn^P^),  a  giitty  piwder  of  a  tiark  gray  color, 

Sfraeuta*  of  II  dark  metallic  Instre,  and  with  a  ftiint  odor  and 

4,  insoluble  in  water  oratcohol.     0.003-0,005  O,  (j^f^  gr.y 

Worafittn  (U.  S.  P.,  B.  P-)  in  a  one  per  eent.  sohititni  in  iilninnd 

0.05-0  1   c  c,    (1-2  minrt.)  (1-5  inins.  B.  P.).      Phosphorated 

Ffreshly  prepared  and  kept  hi  tij^htly  stoppered  bottles;  ,sohi» 

er  eent.  tend    to  lose  tln-ir  stn^ngth    by  evaporation  of  the 

by  uxidatUn*,  when   the  Wttle  euntaina  air.     It  is  «aid  lo 

ore  dilate  .solntirm  (tviieper  niille).     It  is  probable  that  nineh 

leased  is  mneh  ninler  one  i»er  cent,  in  strenpfth. 

Bphori   (U,   S.   P.),  eaeh   pill   contains  0.6  mg.   of  phosphorus^ 

pAori  (B.  P.),  2  per  cent.,  1-2  grs. 

wphori  (U.  S,  P.)  (Ttneinre  of  Phosphorus)  is  an  alcoholic  solu- 

ig   1-2  part-*  of   phosphorus  in    l.O(M)  of  alcohol.     O.H-1  c.c, 

ph(^  (U,  8,  P.)  contains  about  \  of  the  amouot  of  phosphorus 
of  phosphorus.     1-4  c.c,  (15^0  mins.). 

Ic  Uses,- — Phosphorus  has  been  reeom mended  in  various 
he  cent  nil  nerx'ous  syBtcni  ami  in  neuralgia,  htit  it  is  stiU 

whether  it  is  of  any  real  lienefit  in  lliese.  There  is  more 
eliev'e   in    its  virtues  in   bone  disease^  more  es]>eeial!y  in 

ustejjmalacia,  for  in  a  number  cd"  instances  marked  im- 
laa  been  observed  in  these  diseases  tiinler  its  use.  It  is 
t^en  in  solution  in  eod-liver  oil,  ami  the  benefit  may  be  due 
he  mcnstrinim,  but  not  entirely,  for  Sternberg  observed  a 

case  of  osteomalacia  when  pure  eisl- liver  tnl  was  stdjstt- 
'  phosphorated  oil.  In  rickets  a  solution  eoutaiuin^  0.01 
e.  of  cod-liver  oil  is  rt^commendeti  ;  2—4  teas|KK>nfuls  to 
K  day.'  In  osteomalacia  a  one  ]ver  cent,  solution  may  be  J 
nl  1—5  mg,  phospljoriis  taken  each  djiy, 

l>e  eqaivalent  to  4-2  mg.  of  pho,>i|»bnrns  dtdly,  but  an  n  maltpr  of  fn^ 
**1  oil  from  wlii(  h  the  prpsoriptimi  is  tilhnt  itrntsiins  murh  1***m  ihnn  oiJ 
*2  the  dose  actually  tuketi  prubEihly  iselJom  aujounls  to  oiore  tbun  oil 


606 


lyonoAmc  salts,  acids  and  basics. 


Key  found  the  lime  excreted  in  the  urine  in  rickets  iDcreflsed 
the  treatment  with  phoj^phorated  ctxl-liver  oil,  much  lem  under  the 
alime,  and  not  at  all  under  pbospliorus  alone.  He  regards  \hk  as 
dicating  an  increased  absorption  of  lime  from  the  foml.  Other 
diseases,  such  as  caries  and  ununited  fractures,  have  also  been  trml 
with  phosphorus  tK*aisionally,  but  the  results  have  not  been  recoi 
in  sufficient  numbers  to  allow  of  any  gtatement  as  to  the  efficacy  uf 
tri'atnicnt. 

Treatment  of  Phosphoms  PoiBoning. — -Phosphorus  is  comparativi 
slowly  al>sorlK'il  from  the  alimentary  caual,  so  tliat  in  the  early 
an  attempt  ought  to  be  made  to  remove  it  by  emetics  or  the  m 
tube,  and  by  purges.  Fats  and  oils  must  be  avuided,  as  they  toad 
dissolv^c  the  poison  and  prouiote  its  absor{>tion.  Phosphorus  has 
fiiuud  in  the  stools  three  days  after  its  ingestion,  and  a  sharp  pw 
may  therefore  be  of  use  up  to  this  time* 

Another  method  of  treatment  is  that  aiming  at  the  oxidation  of 
])hosplioru8  iu  the  stomach,  or  at  the  formation  of  unahsorbahle  coi 
pounds.  It  is  stated  that  turj)entineoil  forms  one  or  more  coni|wui 
with  phtfsphorus  which  are  very  much  less  puininoiis  than  the  ori| 
nal  elejucntj  and  possibly  some  oxidation  of  the  phosphorus  niav 
intluced  by  the  oil  if  it  has  not  Ijeen  recently  distilk^l.  The  t 
ment  of  phosphorus  poisoning  with  tni'pentine  oil  is  therefore  wid( 
practised,  Ivut  from  the  latest  experiments  (Btisch)  it  seems  entinlj 
useless,  for  lie  f*»un*l  that  animals  sui^cunibed  to  almost  the  same  dt«e 
of  phosphorus  whether  turpentine  was  given  or  not  Stdphateof 
per  is  also  recommended  in  pliosphorus  p*»isoning,  a  large  dose  beii 
given  first  as  an  emetic,  and  afterwanls  smaller  doses  to  form  an  mmh 
ble  com|>ound,  copj>cr  phosphide.  Permanganate  of  ]K>tassium 
titm,  one  per  milh*,  has  bti'ii  rect^ntly  advised  to  oxidize  the  phosphoi 
while  |MToxide  rtf  hydrf>gen  S4>lution  is  of  less  value.  In  the  sewixlai 
stage  alkalies  inv  re et>m mended  in  order  to  neutralize  the  excem 
sareolactic  acid  funned  in  the  tissues. 

Phosphorus  necrosis  lias  to  be  treated  surgically  on  the  same  prino- 
pies  as  other  necroses  oi'  bone. 
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XXXI.    ARSEKIO 

of  the  les8  active  preparations  of  arsenic,  such  as  the  sul- 
jhidt*?^,  Redlgar  (As.^^)  and  Orjiimt^tit  (As^S^),  have  l>een  known  in 
kerapeuticd  isioce  the  beginning  of  tlic  Cliristian  era,  but  this  nietttl 
tsi8  brtHight  into  esjM»cial  prominence  in  later  times  through  the  I  re- 
nt Ui?e  of  the  more  dangerous  oxitlcs  in  criminal  poisoning.  Thu.s 
otorious  Aqoa  Tofana  of  the  sixteenth  anil  seventetnith  ccnturie.s 
I  its  activity  to  the  presence  (vf  arsenic,  ami  varions  ar^^cnical  coni- 
tinrls  have  been  ns^ed  n|>  to  the  last  tew  years  nu>re  largely  than  al- 
li(»st  any  other  poison  in  suicide  and  homicide.  This  is  to  lie  ex- 
foined  by  their  having  been  widely  employed  in  the  arts^  and  thus 
teing  readily  accessible  to  all,  and  l)y  the  general  recognition  of  tbeir 
loisoDous  oatnre.     Of  late  yt^ars  intentirmal  arsenic  jKtisoning  lias  l)e- 

^ somewhat  Ictss  c<immon,  thougli  on  the  other  hand,  acei<lental 
ing  \s  still  met  with  not  infrequently,  esixi'cially  in  the  chronic 
^nns.  Ma  n  y  of  t  h  ese  eh  ron  i  c  cases  a  re  ex  t  ivme  1  y  d  i  flic  u  1 1  to  d  iagnose, 
irf  probably  often  pass  unrecognized  liy  the  attending  jihysician.  In 
WW  of  this  tact  it  seems  desirable  tliat  more  stringent  mcitsnrcw  should 
^  taken  to  reduce  the  use  of  arsenic  in  the  arts,  and  especially  to  pre- 
^f*t  its  being  brought  in  contact  with  fixjd.  The  danger  of  tlie  ut^a 
'  the  green  argenical  dyes,  sucli  as  Scheele's  Green  (arsenite  of  cop- 
^''),  and  Schweinfurt's  fJreenj  or  Paris  Green  (arsenite  and  acetate 
c?opper),  is  now^  generally  recognized,  but  arsenic  is  still  m^ed  in  the 
^paration  of  other  colors,  and  these  may  give  rise  to  p^^isoning  from 
fe  imperfect  remo%*aI  of  the  nictaL  It  has  also  l>een  used  in  dilute 
lution  to  preserve  food^  and  a  solution  is  often  sprayed  u\M^n  grape 
ties  and  other  plants  to  preserve  them  frotn  the  :it tacks  of  insects. 
Ibiontng  has  occurred  from  these  sources  and  is  difficult  to  diagnose, 
tl  is  in  some  cases  impossible  to  find  the  means  by  which  the  arsenic 
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eniereil  the  Bystem.     A  widespread  epidemic  of  poisoDing  iu  Eog 
in  11M>0  drew  attention  to  u  source*  of  ari?euic  which  hud  not  uplal 
time  reeeived  the  attention  it  merited.     Several   tbousandB  of  ij«t 
sufleretl  from  arsenic  bein^  contained  in  cheap   licers   made  from 
cose,  in  tlie  manufacture  of  which  sulphuric  acid    had  bet»n  emplti^ 
The  sulphuric  acid  was  formed  fn>m   iron   pyrites  containing 
anil  the  ptiison  was  carried  fn^m  the  sulphuric  acid   with  the  glu 
into  the  beer.     Sulphuric  acid  is  used  in  the  manufacture  of  so 
drugs,  foods  and  other  substances  in  ci>u&tant  use,  that  this  intlnuiti 
that  it  may  convey  an^nic  into  articles  where   its   existence  bus 
hitherto  been  suspected,  i.s  of  the  gravest  importance. 

Mt-tallic  arBenic  is  insoluble  iu  water,  and  passes  through  thealiu 
iary  canal  for  the  most  part  unchanged  and  without  action,  but  it] 
possible  that  small  quantities  may  l>e  oxidized  to  arsenious  acid  in  I 
stomach  and  intestine  under  s<>mc  conditions*      Some  symptoaLs  hi^ 
lK»en  observi'd  when  it  is  rnbbeil  on  the  skin  in  a  state  of  tine  divisi< 
and  these  are  probably  due  to  its  alisorption  in  the  form  of  an  oxid 
The  charactenstic  **  arsenic  *'  action  is  induced  by  the  salts  of  arseai( 
acid  (AsOjII^^  and  by  its  anhydride  (A^fi^)  which  is  often  known  i 
arsenic,  and  which  exists  in  the  tissues  as  arsenites.      Arsenic  actioa| 
therefore  due,  not  to  the  element,  but  to  the  ion  of  arsenious 
The  anhydride  and  salts  of  arsenic  acid  (H^AsO^)  cause  simikir  syi 
toms,  but  are  less  |>oi.si>nous  and  act   more  slowly   than   those*  of  an? 
nioiis  acid,  and   msty   prubably  owe   their  effects  to  the  formatioa  <jl 
arsenites  in  the  tissues. 

The  aetiun  being  tlue  to  the  ion  and  not  to  the  element,  it  ne 

loWii  that  eoiupouiiils  Iroin  whi<^h  the  ion  is  not  lilieratetl,  do  not  lad 

araeoie  action,  tir  do  so  only  wlien  they  are  changed  to  bodies  whidit 
diasoeiate  the  arsenious  aeid  iou.  Thus  organic  arsenic  combiniilioM  i 
which  the  metjillie  ait»in  is  din^etly  attaehetl  to  eurbon  are  only  ferhly  poiioO' 
auSj  but  in  eoyrse  of  time  seein  to  l^e  ehanged  to  arsenious  acid  in  the  itaswiK 
and  then  eause  tvpienl  poistming^.  The  be-st  known  of  the.se  are  ca^'OcJjIlc 
oxide  ((CH,),As^b(('H,),)  aii*i  eacodylie  acid  ((CH,),AsOOH).  Ai^m«i 
ctimpounds  of  ihe  aroraatie  series  have  also  Iwen  examined  pharmacolopcaliy 
and  induce  arsenic  symptoms  when  0ven  iu  large  quantities.  This  {ntrnt- 
oils  action  is  again  due  not  to  the  undeeoniposed  molecule,  hut  to  the  ar?cw* 
»acid  derived  from  it,  some  of  which  jh  found  excreted  iu  the  mine. 


Arsenious  acid,  which  in  the  folio  wing  pages  will  he  taken  as  the 
representative  of  **  arsenic"  action,  ha.s  a  somewhat  sweetish  taste,  ami 
is  therefore  not  so  likely  to  be  detected  by  the  victim  as  many  of  tW 
other  poieous. 

Sfmptoms.  —  In  lat^  quantities  arsenic  very  often  causes  no  fvnip' 
toms  for  half  an  hour  or  m(»re,  but  then  the  patient  oiMuplaias  <>f « 
freling  of  c\^iu  strict  ion  in  the  tliroat,  of  difficulty  in  swallowinjr,  J'^*' 
of  dWotn(l>rt  iu  the  stomach  ri^Iou.  This  soon  increases  firvioleflt 
Miru  antl  is  aect^nipjiuied  by  vomiting,  and  later  by  watery  dij 
Th<^  litt^b  an*  at  first  of  ordinary  diarrhopit*  apjiea  ranee,  bntlater  tt- 
mrmble  the  **  rice-water"  stools  of  cbolera*  in  that  they  ct>nsist  alin^*^* 
mfiinfyet  minute  shreds  of  disintegrated  mucous  membrane  suspcinW 
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serous  fluid  ;  sometimes,  however,  thev  are  clear  and  gelatinous 
irance*  In  some  case^?,  blood  appears  in  the  vomited  matter 
also  ia  the  stools »  but  this  is  not  by  any  means  an  invariable  fea* 
The  tjrinfi  is  diminished^  or  entirely  suppressed,  from  the  great 
aot  of  fluid  eliminated  by  the  stomach  and  bowel.  These  symp- 
from  the  alimentary  tra^t  are  accompanied  liy  giddiness,  cramps 
I  the  muscles,  headache,  and  soon  by  collapse,  with  cold,  damp  skin, 
[ir,  fit^blc  pulse  and  weak,  sighing  respiration  ;  this  later  passes  into 
and  death  follows  with  or  without  convulsions.  In  cases  in 
kich  the  dose  is  smaller  than  tlie  fatal  one,  or  in  whicli  much  of  the 
>ii  is  eliminated  by  vomiting,  the  patient  may  recover  without 
pr  symptoms  tiian  those  already  described*  Frcquenlly,  how- 
r,  he  recovers  from  tlie  acute  symptoms  only  to  develop  those  of 
bfonic  arsenical  poisoning.  In  some  instances  it  is  said  tliat  no 
sptoms  are  present  except  those  of  collapse  and  coma.  In  acute 
atsoning  death  may  occur  within  24  hours,  but  more  frequently  the 
itient  lives  for  2-4  days  or  longer,  and  then  succumbs  to  exhaustion, 
be  fatiil  dose  is  very  uncertain,  becfiuse  arsenic  is  very  insoluble,  and 
lach  of  tlie  p»isnn  may  be  thrown  up  by  vomiting,  or  pass  out  in  the 
dls  unabsort>ed.  Thus  in  some  cases,  recovery  has  followed  after 
[large  quantities,  while  in  others  about  0.1  G,  (IJ  grs.)  has  proved 

ObrDnic  Arsenic  Poisoning  may  arise  from  a  single  large  dose,  the 
lipcts  persisting  for  weeks  or  months  after  the  ingestion  and  new  symp- 
arising  as  the  earlier  ones  disappear ;  more  frequently,  however, 
is  iodueed  by  the  prolonged  absorption  of  small  quantities.  The 
r  symptoms  may  arise  from  its  therapeutic  use,  but  typical  cases 
genenilly  due  to  tlie  presence  of  arsenic  in  the  form  of  dyes  in  wall 
'fHiper  or  clrithcs^  or  in  stuffed  animals  in  tlic  rixims  inhabited  by  the 
victims,  or  to  tlie  constant  handling  of  arseiiical  pigments  and  other 
'Cotapounds  in  mines  and  manufactories.  Widespread  poisoning  has 
Wn  observed  from  the  use  of  wines  containing  arsenic  at  Hyeres  in 
FniQoe,  from  milk  diluted  with  arsenical  water  in  London ^  and  from 
wer  in  the  Manchester  district.  In  these  last  cases  the  arsenic  was  in 
dilution,  but  it  often  seems  to  be  inhaled  in  the  form  of  fine  dust,  which 
ftlb  from  the  walls  or  other  objects.  It  has  been  suggested  that  the 
kl^nic  dyes  are  decomposed  by  microljes  and  the  volatile  arscniuretted 
wji'drogcn  (AsIIj)  inhaled,  but  there  seems  no  reason  to  suppose  that 
fcis  is  the  case,  and  the  inhalation  of  fine  particles  is  a  suflicient  ex- 
llanation. 

The  symptoms  of  chronic  arsenic  poisoning,  which  are  often  very 
bscnre,  may  be  divided  into  three  phases.     In  the  fird  of  these,  the 
ktient  complains  of  weakness  and  langiiorj  loss  of  appetite,  some  nausea 
id  qccasiunally  vomiting,  "^^'ith  a  sense  of  heaviness  and  discomfort  in 
stomach.      Diarrhoea  m;iy  be  present,  l>ut  is  often  absent*  and  in 
some  constipation  may  occur. 
Tn  the  8tx*o7rtf  phase  the  conjunctiva  is  often  red  and  inflamed,  and 
ptoms  of  coryza  appear,  w*ith  sneezing,  hoarseness  and  coughing, 
89 
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u\nr^  t^-^Aff^'at^  *0r  t^rrti^auxu^ic^,  —  ar%  g*n«aJlT  noted  ;  tw  ^^ 
4(<f/Kkf;/ii»,  Cai2U  'yfT  ID  l^w:  i/r/wau^h  *f:aiifA.  ^jr  io  di:  hands  ; 
(;ipr^';  fl;*k^^  ^k>;r*t/^*y ;  a  4;tirv>cs  pi^nKfitstioo  is  veiy 
aek'fii  9t'^ututt$^  9k  t\strk  tftfitkllin  crjrjc  rMA^tnblin^  io  extreme  foi 
\n*t^\H*^'^\  Sfj  njM^n^  a  l^:^l  ffffOf^l  nyrn  it  (arsenic  roeLuiosi$)jiC^^ 
u\\fun^u^si%utu  in  tf$*yh  n^ft*-,  tnstrkfA  io  pcrscn?  of  dark  oomplei 

it$  fair  \$iDif\pUt  \u  wltfftn  it  may  be  indiiitingaishable  from  ordinaj 

U'n*,  h  \ci-tuim\\y  i\\fA\f]^^m  when  the  panent  is  removed  fiom  a 
tttfhotm  HUt¥m\t\%i^'f  but  tia^  Fieen  permanent  in  some  cases.    I 
hfUit/'A  i9tti^futuif  ilt0t  ^rujytions  maj  simulate  almost  any  form  • 
4lit^t*imtf  iitid  iUtt  hair  and  naiU  fall  off.     Herpes  is  not  infn 
ol;mTv<^l  mul  jK/ints  to  nervoiw  disturbances  such  as  are  pr 
fmftjn'H  in  i\ui  tutxi  phase. 

T\tt'nt»,  phnm'M  an*  not  always  distinct  in  cases  of  poisoning,  ac 
ofi4*ti  mtuui  of  thf!  Hyniptoms  of  the  second  phase  may  appear^ 
liiiy  trMirk«Hl  dimmler  of  the  digestive  tract.     In  the  prolonged 
|NMitif;  urn*  of  iinufnic^  the  firnt  indications  of  commencing  poigoc^F^^^ 
n^diK'HM,  HiiflnHion  and  swelling  of  the  conjunctiva  and  eyelids^ 
i\ryut»HH  of  thi!  nowj  and  throat,  as  in  coryza.     On  the  other  lia..f»«3 
wtirktncn  (*x|n>m<*<I  to  ursenical  dust,  the  first  symptoms  mayaris^  :^^ 
tht*  nkin  or  from  bronchial  irritation. 

'!1in  fliird  jihttMv  is  marked  by  disturbance  of  sensation  and  motfoD  ^ 
lorjili/i*(l  iirttuH,  gt^nerally  in  the  hands  and  feet  (peripheral  neoriti^ 
It    in  olllcn  UHhorocl   in  by  intense  persistent  headadie  or  hy  mcate 
|miii  lo(Mt(*d   around  the   knee,  ankle  or  foot,  less  freqaeathr  in  ffe 
wri»4t  mid   hand.     The  patient  complains  of  formication  in  tiie  er- 
( remit i(*H)  and  of  the  discomfort  caused  by  the  pressure  of  tbe  bed- 
olotht'H  on  tho  ftvt  and  legs.    The  palms  of  the  hands  and  tiiesolsaf 
th«»  f«H»t  art>  often  rtnl,  swollen  and  extremely  sensitive  to  toooli  [^ 
throntolalgia),  and  pressure  on  the  muscles  induces  tbe  most  imene 
imin.     I«rtter,  stMisory  pandysis  may  set  in,  espedally  in  tiie  cxqcd- 
UitvH,  and  the  less  acute  sense  of  touch  in  the  feet  and  hand^  indus 
H\  n^ptoms  dissembling  those  of  locomotor  ataxia,     Tbe  fienffitJveiieW 
heat  and  et>ld  may  W  exaggerated  or  dulled,  or  soroesiznes  Iteet  knH 
appi^viatiHl,  wliile  ix^ld  tenses  intense  pain.     Tbe  sense  of  punianiff 
in  ditVort^nt  itts*^,  in  some  Wing  abnormally  acute,  in  odieni  deBflemi 
*rhes«>  sonst>rv  disturlvimvs  an*  followed  in  severe  jKiifwounp  liy  mnror 

! viral yM>  >\hioh  gt^nendly  appears^  in  the  extensor  mnsdcf^  nf  ifajems, 
ater  in  \\w  |H^n>nei  musiJe^.    More  rarely  tlie  flexor  muscW  ar^^  k| 
«intl  liHM  art^  involvinK  and  in  simie  cases  the  affection  commeneeB  in^ 
e\tvn>*«\rs  of  the  lyind  and  fingers.     As  a  general  role  Thi-  ^ndwib  * 
<>MUtn<Nl  to  the  extrt^mitios,  but  in  some  case?  it  has  Wen  found  tc-  iis- 
w-^do  ibo  trunk.     It  is  gt^norally,  but  not  invarialily,  fiynnnfftrieal.  aid 
tbo  mn»»-*1^>s  aflPtvt<\i  atn^phy  rapidly,  and  contract  iKre^ly  ti»-lki'  ^ 
>  ,nn^^  >h.vK.  not  at  all  to  the  faradlic  except  in  the  \%e$:imin^  of  A 
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ihiB  may  explain  the  appearance  of  oedema  in  cases  of  poisoning  and 
also  the  large  amount  of  fluid  in  the  stools  and  vomited  matter. 

The  Respiration  is  somewhat  ACcdfitat^d  at  first  by  the  intravenous 
injection  of  small  quantities  of  arsenic,  but  afterwards  returns  to  its 
normal  rhythm.  lu  cases  of  poisoning  in  man  the  respiration  does 
not  seem  to  be  much  affected  until  late,  but  it  ceases  before  the  heart, 
probably  from  the  exhaustion  and  low  blood-pressure,  and  not  from 
any  specific  action  on  the  centre. 

The  action  of  arsenic  on  the  Central  Nervous  System  has  been  re-      ] 
peatedly  examined.    A  descending  paralysis  is  elicited  in  the  frog,  the 
animal  first  losing  its  spontaneous  movements,  and  then  its  reflexes, 
and  the  terminations  of  the  motor  nerves  being  involved  only  very  kte 
in  the  intoxication.     There  is  no  question  that  the  brain,  spinal  cord 
and  nerve  ends  are  directly  acted  on  in  these  animals,  for  paralysis  is 
elicited  by  arsenic  mucli  sooner  than  by  arrest  of  the  circulation  bv 
excision  of  the  heart.     In  mammals  there  are  generally  no  certain  in- 
dications of  direct  action  on  the  nervous  system  in  acute  poisoning, 
for  the  weakness  and  prostration,  and  the  final  loss  of  consciousness 
and  coma  may  be  attributed  to  the  exhaustion  from  the  gastro-intes- 
tinal  effects  rather  than  to  the  centres  being  immediately  affected.    At 
the  same  time  the  acceleration  of  the  respiration  in  the  beginning  of 
the  intoxication,  and  the  paralysis  of  the  vaso-motor  oentres,  would 
seem  to  point  to  a  direct  action  on  the  medulla  oblongata. 

The  |)athology  of  the  nervous  disturbances  observed  in  chronic  poi- 
soning, and  often  after  a  single  large  but  not  immediately  fatal  dose,  is 
still  obscure,  and  probably  bears  no  relation  to  the  symptoms  observed 
in  animals  in  acute  poisoning.     In  many  cases  of  paralysis,  there  is 
distinct  tenderness  along  the  course  of  the  nerve  trunks,  which  would 
8uggi\^t  |x>ripheral  neuritis  as  the  cause.    Kreyssig  could  find  no  altera- 
tions in  the  spinal  cord  in  cases  of  |K>isoning  in  animals  except  occa- 
sional haemorrhages,  which  did  not  seem  to  be  of  consequence.    Jaschke 
and  Alt»xander  observed  peripheral  neuritis  in  animals,  and  the  ques- 
tion thon»fore  Si»omed  dei*ided  in  favor  of  the  peripheral  origin  of  the 
symptoms.     More  recently,  however,  in  two  autopsies  of  persons  suffer- 
inir  t*i\Mu  arsenical  paralysis,  undoubted  lesions  of  the  spinal  cord  have 
Ihvu  dosiTibeil.     The  symptoms  point  so  unmistakably  to  peripheral 
nouritis  as  the  caust%  Imwever,  that  the  almost  universal  opinion  is 
that    the  ner\'e  fibres  are  the  primary-  point  of  attack,  although  in 
st^vori*  i*:i!^^  the  afftvtion  may  involve  the  nerve  cells  in  the  cord  in 
addition. 

Tho  ivripheml  nervos  and  the  muscles  are  little  aflected  by  arsenic  in 
rtouto  )vns<uuiii;  :  but  the  musolosof  a  fro§r  poisoned  with  arsenic  are  found 
to  Uv<x^  their  irntahiUiY  ik»niewhat  sooner  than  those  of  one  whose  cimilatioii 
;uut  ^vntr^l  norNvHis  sv^em  have  heen  destroyed,  so  that  the  poisoQ  has  some 

Uclotcrunis  otUvt  on  theiu  ako. 

riio  uiibr^>kon  Skin  is  not  at^neil  by  arsenic,  unless  when  it  is  ap- 
pU^xl  n'lHNit\\liY  iMT  alk>weil  to  nnuain  in  contact  with  it  fcr  ! 
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M'hen  it  may  give  rise  to  redness,  j>ii**tuIos  or  vesicles  and  later  to  vio* 

leiJt  erysifielatoid  inflammation.      It  hm  not,  however,  any  mcAi  cor* 

fmlve  atition  on  the  skin  as  is  possessed  by  strong  at-ids,  and  the  sub- 

cutiineou!?  injection  of  arsenic  is  said  not  to  lie  painful.     It  is  more 

active  when  applietl   to  denndi^d    snrfaees  and  to  the  mnoous  mem- 

bnino^i  destroying  them   to  some  depth  and  ean?^ing  aeute  pain,  but 

^ven  here  it  acts  more  i^lowly  than  orflinarv  causties.      It  seems  to  act 

only  upon  living  oelU,  and  unlike  acids  and  alkalies,  forma  no  eombi- 

nations  with  the  dead  tissues.     The  hx'a!  etTects  of  arsenic  on  the  skin 

are  seen  only  in  workmen  handling  arsenic,  as  in  e^dor  factories,  in 

which  affections  of  the  skin  of  the  face,  hands  and  scn»tnni  are  by  no 

means  rare. 

In  arsenic  poisoning  skin  ernptions  are  commtHi^  and  may  be  due  iit 
part  to  circulatory  disorders,  but  are  to  be  aserlbttl  fir  the  most  part 
to  the  direct  action  of  the  drnj^  on  the  skin.  Arsenic  has  be«*n  found 
I  a  appreciable  amount  in  the  luiir,  epidermal  scales  and  in  the  fluid  of 
a  Wbter  in  patients  treated  with  it,  and  changes  in  the  condition  of 
the  skin  in  animals  have  also  been  observed.  Thus  Ringer  found  llie 
epidermis  of  the  frog  peel  off  witli  great  ease  when  it  was  poisoned 
^vith  arsenic,  and  Xunn  ascril>es  this  to  the  soflening  of  the  protoplasm 
of  the  dee|>er  cells  of  the  epidermis;  analogous  changes  have  been  ob- 
served in  the  corner. 

The  melantisis  of  arsenic  jjoisoning  seems  to  be  due  to  the  deposi- 
tion not  of  an  arsenical  com()*iund,  but  of  some  organic  product  in  the 
d«»eper  layers  of  the  ci^irium.  The  sym|>t4>ms  of  irritation  of  the  mu- 
cous membranes  of  the  eye,  nose  and  larynx  are  ascribed  to  the  ex- 
cretion of  arsenic  on  these  surfaces,  and  are  anah»g«jus  tii  the  skin 
eruptions* 

The  action  of  arsenic  on  The  Blood  is  still  obscure,  although  it  Is  fre- 
quently prescril>ed  in  varicius  fi>rnis  of  aniemia.  In  chlorosis  and  in 
normal  persons,  it  is  said  to  diminish  tlie  numl>er  of  the  red  corpuscles^ 
but  not  to  alter  the  total  htemoglobin  <tf  the  bliKid.  In  a  cil-^  of 
jpemicioUH  amemia  rewntly  examined  by  Entjel,  it  was  fouml  that  ar- 
Moio  iucrf>asetl  the  numbiT  of  young  newly  f<irnK*<l  rtnl  evils  while  the 
number  of  more  mature  corpuscles  w:ls  diminished.  Bettmnnn  stolos 
tliat  ta  sulmcute  |K>isnning  in  nd»bits,the  re<l  e<*]lsand  haemoglobin  are 
dimtni^HliLHl,  and  nucleated  re<l  cells  appear  in  the  bh»«Kl  in  some  num- 
ber;  he  holils  that  arsenic  acts  on  the  blcKMl,  and  alsii  on  the  blood- 
forming  organs.  8toc*kman  and  (treig  found  the  blipod  c!elU  and 
biemoglobin  unaltered  by  arsenic  in  normal  nnimab,  but  describe  the 
bone-marrow  as  evid*'ntly  in  a  state  of  unusual  activity,  indicated  by 
its  increased  vascularity,  greater  number  of  nnl  blocKl  crorpusch*^  ami 
taitened  fat  f^Us.  8illK*rmann  assists  that  arsenic  tends  to  induce 
wiile^pread  intravascular  coagulation,  which  leads  to  a  fall  in  the 
blix»d-pre^sure,  anmmia  and  other  tlistmlers.  This  iiAsertion  lias  lieen 
denied  by  Falkcnberg,  but  has  lieen  supjx>rted  by  thr  exjM»rimi*nts  of 
He!nK,  who  find*  tlmt  arsenic  inducv^  not  ordinary  coagulation,  but 
thrombi  formed  primarily  of  blood  plates,  and  attributes  to  tJiis  tlirom- 
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hash  the  hfemorrhages  and  subsequent  ulceration  which  are  mtt 
observed  in  the  walls  of  the  stomach  and  intestine  and  ekewhen*. 

In  ^ome  cases  of  arsenic  poisoning  Fever  is  observed  ;  this  doesi 

&ra  due  to  any  specific  action  of  the  drug  but  to  the  inflaiumationi 
the  mucou?^  membranes  and  the  skin. 

The  MetaboUsm  is  affected  by  a  poisonous  dose  of  arsenic  inl 
same  way  as  by  photipliorus,  but  the  alteration   is  not  generallv] 
niarked  and  is  liable  io  be  overlooked,  owing  to  the  more  intense  j 
on  the  alimentary'  canal.     The  nitrogen  of  the  urine  is  con.^iden 
greater   than  that  of  inanition,  but  it  is  not  quite  clear  whether  1 
is  due  to  an  increase  in  the  urea  or  to  other  nitrogenous  suhstanq 
The  ammonia  is  probably  augmented,  for  a  considerable  atnouat  < 
lactic  acid  has  Ijeen  derived  from  the  urine,  and  the  alkalinity  of  i 
blood  is  rcduetnl  owing  to  the  formation  uf  this  acid  in  excesii, 
glyeogeu  of  the  liver  disappt*ars  entirely,  and  the  liver  seems  incap 
of  forming  it  from  the  sugar  of  the  ftjod.     Lesion  of  the  medu 
oblongata  (diabetes  puncture)  does  not  cause  glycosuria  after 
but  curara  and  other  drugs  are  still  t^ipable  of  eliciting  this  svmpta 
The  fatty  degeneration  of  the  epithelium  of  the  stomach  and  intestil 
has  been  mentioned  already,  but  this  alteration  is  not  c»>nfined  to  1 
tissues,  l>elrig  found  in  the  liver  and  kidney,  in  the  muscle  cells  of! 
heart,  blcxKl  vessels  and  striated  muscles,  and  in  the  lining  epithdiu 
of  the  alveoli  of  the  lungs.     Small  necrotic  foci   have  been  observed 
by  AVolkow  in   the  liver,  along  with  signs  of  active  division  of  iImj 
]>urenehyniatous  cells,  as  in  phosphorus  poisoning. 

Many  of  these  changes  admit  of  the  same  explanation  as  that  pv 
in  phosphorus  poisoning,  namely,  that  arsenic  lessens  the  oxidation  < 
tlie  tissues  and  causes  fatty  degeneration  of  the  cells  of  various  or] 
it  may  also  iucrease  the  waste  of  the  proteids  of  the  body  direct) 
but  the  increase  in  the  nitrogen  of  the  urine  roay  perhaps  be 
ondary  to  the  other  features.  Attempts  have  been  made  to  demonst 
the  lessened  oxidation  by  estimating  the  respiratory  gases,  but  herf, 
as  in  phosphorus,  no  satiHfacfcor^'  results  can  l)e  obtained  by  this  method, 
owing  to  tlie  slow  progress  of  the  intoxication,  and  to  the  dimiauih 
movement  and  retarded  digestion  ;  these  in  themselves  are  sufficient  ( 
cause  a  niarked  fall  in  the  output  of  earlwnic  acid  and  in  tlie  a\m^f\ 
tion  vf  oxygen,  without  any  direct  action  on  the  tissue  cells, 
metabolism  is  less  affected  by  arsenic  than  by  phosphonis,  liowevc 
for  the  fatty  degeneration  is  less  marked  and  less  lactic  acid  h  ex^ 
creted,  Nencki  and  Siel^er  have  also  shown  that  benzol  canbeoii- 
d\7AH]  to  plienol  in  animals  jxiisoned  with  arsenic,  while  in  phosphorus 
poisoning  the  tissues  are  unable  to  effect  this. 

The  fatty  degeneration  may  have  the  same  results  as  in  phosphonifl 
poisoning,     Tlie  liver  is  somewhat  enlarged  and  the  pressure  oo  tb 
bile  ducts   prevents  the  escape  of  bile  into  the  intestine,  and  thui 
induces  jaundice  and  the  ap{>ea ranee  of  bile  pigments  and  bile  acid  i 
the  urine.     Jaundice   is  seldom,  however,  a  very  marked  feature 
|x»isoning,  and  is  often  entirely  absent. 
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The  prolonged  administration  of  arsenic  in  quantities  insufficient  to 
produce    chronic   {wisouiog  is    reputed    to  have  some   effect  on   the 
Qrowth  and  Nutrition.     It  is  difficult  to  obtain  aocurate  data  in  regard 
to  this  pointy  and  while  the  iraproveraent  in  nytrition  is  attested  hy  a 
iiurul>er  of  independent  observers^  otiier  equally  careful  investigators 
have  not  been  able  to  confirm  their   results.     Gies  trt^ated  some  of  a 
litter  of  young  rabbits  with  arsenic  in  minute  doses  for  several  weeks, 
aad  found  that  they  wH%heil  more,  and  were  larger  in  every  w^ay  than 
the   untreated  animals  •    the  sul>cutaneous    fat  was  much  greater  in 
aaiount,  the  Iwnes  were  longer^  and  the  niuselcs  more  developed.    The 
ioiig  bones  presented  the  ap|>eamnce  descriix«d  by  Wegner  under  phos- 
phor Od  treatment  J  l>eing  longer  and  cimtaining  more  dense  bone  both 
in  the  shafk  and    the  epiphyses.     Female  ndjbits  treated  witli  arsenic 
bore  young  of  abnormal  si^e  and  weight  J  Gios,  in  fact^  supjwses  that 
their   size  causeil  difficulties  in  their  passage  through  the  j>eKis,  for 
t.hey  were  all   born  dead.     Several  other  observers  have  described  a 
t&ore  rapid  growth  and  great4*r  activity  in  young  animals  treated  with 
iirdentc,  and   an  increase  in  weight  is  often  noted  in  man.     On  the 
^ther  hand  Stockman  and  Greig  observed  no  change  in  the  growth  of 
animals  under  prolonged  treatment  with  arsenic,  and  found  that  the  only 
tissned  affected  were  the  growing  bones,  which  ap|wared  denser  than  usual. 
The  improvement  in  nutrition  has  not  Ix-en  explaincil,  though  a  slight 
decrease  in  the  nitrogenous  excretion,  and  in  the  amount  of  nitrogen 
in  the  stools  has  been  noted  by  Weiske,  wdio  htdds  that  more  of  the 
food  is  utilized  by  the  digestive  apparatus,  and  at  the  same  time,  less 
proteid  is  decomposetl  in  the  tissues.     The  change  in  the  amount  of 
nitrogen  excretefl  is  so  small,  however,  that  doubt  may  be  entertained 
whether  it  may  not  be  due  to  unavoidable  errors  in  the  estimation,  and 
other  investigators  have  been  unalde  to  detect  any  alteration  attribut- 
able to  the  drug.     Fresh  investigation  of  this  ixjint  is  thus  required 
before  certainty  can  be  reachetl  regarding  the  effects  on  the  nutrition, 
id  still  more  regarding  the  explanation  of  the  altenitions* 
When  small  quantities  of  arsenic  are  taken  habitually,  Tolerance  is 
blished,  and  the  dose  may  be  gradually  increased  until  it  far  ex- 
ceeds that  wdiich  would  be  poisonous  in  ordinarj*  perm^ns.     This  is 
the  explanation  of  arsenic-*mtiug  whicli  is  known  to  exist  indifferent 
parts  of  the  world,  but  which  is  most  widespivad  and  best  known  in 
Slyria  and  the  Tyrol.     Tlie  [feasants  there  indulge  in  the  ptiis«in  liabit* 
ually,  and  Ixdieve  tlmt  it  enables  them  to  work  iK'tterj  and  in  particular 
to  climb  the  mouutaius  witli  less  effort  and  Irss  respiratory  ilistress. 
Tbey  also  credit  it  with  improving  their  complex  it  »ns  and  general  ap- 
pearance, and  give  it  to  tlieir  horses  in  order  to  render  their  4X>ats  more 
smooth  and  glossy,  and  to  make  them  stronger  and  fatter,     l><^ubt  was 
formerly  entertained  as  to  the  truth  of  the  statements  made  regarding 
the  doses  used  by  these  pcH>ple,  but  tliis  was  definitely  H*ttled  by  Knapp, 
who  administered  0.4  G.  (7  grs.)  of  arsenituis  acid  to  one  of  the  jjctis- 
ants  at  (inuJ  without  inducing  any  effects  whatsoever.     Large  tpianti- 
ties  of  arsenic  liave  also  been  isolated  from  the  urine  of  ar^nie  etiti^rs, 
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showing  that  much  of  the  drug  is  abs^orbed.  Arsenic-eating  is  said  to 
be  indulged  in  to  a  coasiderable  extent  by  young  women  in  some  cuiid- 
tries  with  the  object  of  improving  the  coraplexion  and  figun%  and  cai« 
of  arsenic  habit  have  been  described  in  ditJerent  parts  of  America  and 
elsewhere.  As  far  as  can  be  observed  the  habit  is  not  deleterious,  for 
the  Styrian  peasants  live  to  old  age,  and  no  symptoms  attributable  la 
the  poison  have  been  noted.  As  a  general  rule  large  doses  are  taken 
once  or  twice  a  wTek,  and  no  fluid  is  swalhiwed  for  some  tirae  after- 
wards, so  that  S4ime  of  the  poison  may  pass  throng:li  the  bowel  uualh 
sorbed*  No  tolerance  for  arsenic  has  been  established  In  animals*^  eveu 
by  prolonged  treatment  with  minute  doses. 

As  a  contrast  to  the  Styrian  peasants,  the  miners  of  Reicliensteit* 
may  be  mentioned,  who  are  constantly  expo^^ed  to  arsenic  owing  to  Vl* 
being  contained  in  large  qoaotities  in  the  ore.     These  jKH>ple  aro  d^* 
scribed  by  Geyer   as   shortlived,  very  subject   in   childlnxKl   to  sevc^*^ 
rickets  and  in  adult  life  to  dn?psies  aud  respiratory  diseases ;  the*^^ 
offer  little  resistance  to  microbial  infection  and  frecpiently  present  th  ^ 
skin  aud  nervous  symptoms  of  arsenic  poisoning.     Why  arsenic  shoalc- 
l>e  l)eneficial  or  at  any  rate  harmless  at  Graz,  and  so  deleterious  it0 
Reiehenstein,  it  is  impossible  to  state  at  present. 

Arsenic  is  Excreted  for  the  most  part  in  the  urine,  to  a  much  smaller 
extent  in  the  stomach  and  Ixnvel  and  along  the  respiratory  mucous 
membmues.  Traces  are  eliminated  in  the  skin  secretions,  in  the  hair^ 
and  in  the  milk,  aud  fatal  intoxication  luus  been  observed  in  a  child 
from  the  milk  of  its  mother,  who  was  suffering  from  acutu  {xiisoQing. 
In  the  urine  arsenic  appears  in  part  in  organic  combinations,  in  part*, 
aceonling  to  Selmi,  in  tlie  form  of  a  volatile  organic  base,  which  is  in- 
tensely poisonous  and  causes  convulsions  in  frogs.  Arsenic  is  only 
slowly  exci-eted  ;  it  is  stated  to  have  been  detected  in  the  urine  2-3 
mouths  after  its  administration,  but  it  has  been  shown  to  occur  in  the 
urine  of  a  number  of  persons  who  presented  no  signs  of  jKusoning  and 
had  not  been  treati^d  with  arsenic,  so  that  it  is  possible  that  in  those 
ciises  of  slow  elimination  the  arsenic  of  the  urine  did  not  arise  frt>m  the 
single  admiuistnition,  but  from  its  subsequent  absorption  from  some 
other  source,  such  as  the  water  or  air.  There  is  no  question,  however, 
that  it  remains  in  the  systeiu  htnger  tlian  many  other  poisons.  It  is 
probable  that  the  effects,  esi>ecially  the  paralysis,  last  long  after  the 
drug  has  been  excreted,  lesions  having  been  induced  which  are  only 
slowly  recovered  from. 

Arsenic  is  found  in  largest  quantity  in  the  liver  after  absorption,  but 
is  also  deposite<l  in  tlic  kidney,  in  the  w^alls  of  the  stomach  and  intes- 
tine, and  in  the  spleen  and  lungs.  Much  smaller  quantities  are  found 
in  the  muscles  and  lu  the  nervous  tissues,  which  were  formerly  sup- 
posed to  ctjntain  more  than  the  liver.  It  is  stated  that  in  cases  of 
poisoning  arsenic  is  found  iu  the  white  matter  of  the  brain  in  much 
larger  proportion  than  in  the  cortex.  In  the  blood,  most  of  the 
arsenic  is  said  to  be  contained  in  the  blood-cells,  comparatively  little 
being  free  in  the  plasiua.     Arsenic  has  been  detected  in  the  caooellous 


bones  of  the  skull  and  vertebne,  after  it  liad  (li8iip[K?ared  from  all  the 
other  organs. 

Awenie  is  poisonoiis  to  many  of  the  lower  forms  of  life,  as  well  as  to  tfte 

Vfrt^'lin^tes  ;  thus  it  has  be^n  fouwd  that  its  presence  in  coinparalively  dilute 

•ohaioti   (one   part  of  arseniouii  add  in  3i>,fHKi  parts  of  wat4?r)  hinders  the 

development  of,  and  eventuaUy  kills  algte  and  the  seeds  of  the  higher  plaula. 

Oil  the  other  hand,  moulds  grow  abundantly  in  a  i*ululion  of  ur:H.^nite  of 

potjish  (I  jwr  cent.)  eoulaining  some  organic  matter,  an<l  the  alcoholic  fer- 

meuUition  proceeds  in  the  presence  of  arsenic,  although  it  is  somewhat  re- 

tiftlnd  ut  first ;  ver>^  dilute  solutions  uf  arsenic  even  accelerate  the  ferraen- 

tatioD,  a^  is  trae  of  most  other  antiseptics.     ArseniuuK  acid  is  only  about 

otie-tt»nlh  as  etroog  an  antiseptic  as  perchloride  of  mercury,  and  the  spores 

of  anthrax  arc  destroyed  only  after  t^'n  days  in  a  one  per  millc  solution.     It 

Ikaa  therefore  a  greater  antiseptic  power  than  many  uf  the  other  iicids,  but 

Compared   with   its  action  on  the   higher  forms  of  life,   ii  is   hut   ^tightly 

|>olsotioa9  to  the  fungi.     It  seems  to  have  no  eflTect  on  the  activity  of  the 

fermentii,  such  tis  pepsin,  myrcisln  and  emulsin. 

The  arsenates  are  murh  less  harmful  t^i  lowly  organixeil  forms,  for  seeds 
mod  algiiB  HA  well  as  mouhls  grow  in  a  n^^utral  solutii»n  abundantly^  i*"d  even 
tlie  infusoria  do  not  seem  injured  by  it  to  any  marked  degree.  Apparently 
%liese  plants  an<l  animals  are  incapable  of  reducing  it  to  ansenlous  acidf  and 
sre  therefore  not  more  affected  by  it  than  by  other  acids. 

The  bodies  of  perstms  ])oisone«l  with  arsenic  are  siijd  to  remain  undeeom> 
posed  for  a  remarkably  k»ng  time,  ami  to  tend  to  Ijccome  mummifitML  The 
statement  is  still  disputed,  but  is  vouched  for  by  a  number  of  authciritiea. 
It  is  certainly  nut  invariably  the  case,  and  little  weight  is  to  bo  laid  upon 
nil  m  mi  float  ion  in  determining  whether  arsenic  poisoning  was  the  cause  of 
death  in  exhumed  p^^rsons. 

No  account  of  the  pharraacologj-  of  arsenic  wxndd  Ix*  complete?  without 
mention  of  the  theory  advanced  by  Bin/  and  Si'hutz  to  explain  its  action. 
They  suppose  that  arscnious  acid  is  oxidized  to  arsenic  acid  by  the  living  tis- 
BUeH}  and  the  arsenic  acid  ligain  reduced  to  arsenious.  In  this  way  oxygen  is 
alternately  withdraw^n  from,  and  supplied  to  the  prot/oplasm,  and  this  alter- 
reduetion  and  oxitiation  ihey  sup|H>Hi^  tu  be  the  essential  ftmture  of  th© 
loll  of  arsenic.  The  grounds  on  which  lids  o?c]danat)on  is  baseil  must  be 
_  ght  in  the  numerous  papers  on  the  subject  by  these  authors,  and  it  may 
mifWce  here  to  state  that  while  arsenic  acid  ap^jcars  to  Ihj  reduced,  and 
arnetiious  acid  oxidi/.ed  in  the  tissues,  these  processes  are  prulmhly  only 
graduaL  OtherwiM*  it  would  be  ditUcuU  to  expbiin  how  arweuious  acid  is  no 
much  more  poisonous  than  arsenic  acid,  for  if  the  lattc-r  were  readily  re- 
duced to  arBeniou»  aeid  it  woubl  l>e  etptally  toxic. 

Arsruic  and  pho^phr>nis  an*  inehideil  in  onegmup  in  rticiiiistrv,  and 
their  effects  on  living  orgunisins  present  sutHcient  resemblance  to  jus- 
tify their  association  in  the  i»barnmc*ological  system.  The  muooun 
membntnes  and  the  skin  are  more  affected  by  arsenic,  however,  and 
tlie  eireidation  Is  more  rapidly  depresses  1,  while  the  fatty  degeneration 
of  the  pnil*>plasni  *»f  the  vertebratei^  is  murh  more  prominent  in  phos- 

Shorus  poisoning.  The  iliffrrencei?  between  their  effects  are  more  in 
c^rt^e  than  hi  kind»  and  there  seema  no  qnesticm  that  their  ultimate 
action  on  pn>tf>phLsni  U  uf  the  same  nature.  It  is  to  \>o  notf?d,  how- 
ever, that  there  U  no  n»ason  to  sup[K»,se  lUni  pbcispliorns  mvvs  it^* 
action  to  any  of  its  nuinertais  etmip^anids  with  oxygen,  while  it  is 
probable  that  the  oxides  of  arsenic  alone  are  ca[Md»te  of  miKjifying 
irttal  functions* 
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The  Sulphur  Oompoimds  of  arsenic  are  entirely  insoluble  and  are  therefore 
not  absorbed  as  such,  but  it  seems  likely  that  small  quantities  of  aiseDioos 
acid  are  formed  from  them  in  the  intestine  by  microbes.  Commercial  oipi. 
ment  often  contains  large  amounts  of  arsenious  acid. 

Arseninretted  Hydrogen  (AsH^  is  an  exceedingly  poisonous  gas,  which 
has  caused  a  number  of  fJEttal  accidentfi  from  being  inhaled  accidentally  in 
chemical  laboratories.     One  source  of  danger  is  the  liberation  of  hydrogen 
from  acids  by  the  action  of  zinc,  which  often  contains  arsenic  and  therefore 
gives  rise  to  this  gas.     It  diflPers  entirely  from  the  oxides  of  arsenic  in  its  ac- 
tion, and  there  is  no  reason  to  suppose  that  it  forms  these  in  the  body.    Pos- 
sibly traces  of  arseniuretted  hydrogen  are  formed  from  arsenious  acid  in  the 
intestine,  but  in  insufficient  quantities  to  have  any  appreciable  eflPect.    Ar- 
seniuretted hydrogen  acts  as  a  molecule,  AsH„  arsenites  as  ions,  and  t^* 
fact  that  both  molecule  and  ion  contain  an  atom  of  arsenic,  does  not  neoe^ 
sarily  entail  that  their  effects  shall  bear  any  resemblance.  ^ 

Arseniuretted  hydrogen  actfi  by  destroying  the  red  corpuscles  of  the  lAoo^^l 
and  induces  intense  headache,  nausea  and  vomiting,  prostration  and  &in  ^^; 
ing  fits,  cyanosis  and  collapse.     Haemoglobin,  methsemoglobin,  hsematinan  ^^ 
occasionally  blood  are  passed  in  the  urine,  and  more  rarely  the  stools  contai^^ 
blood.     Sometimes  the  urine  is  entirely  suppressed  from  the  tubules  bein^^ 
plugged  with  blood  cells  and  d6bris,  and  intense  icterus  appears  from  th^^ 
formation  of  excess  of  bile  pigment  from  the  haemoglobin  of  the  disinte-^ — 
grated  corpuscles.     CEdema  of  the  lungs  or  sudden  failure  of  the  heart  is  the  ^ 
cause  of  death.     Some  of  the  gas  is  excreted  by  the  lungs,  and  may  be  rec- 
ognized by  its  garlic  odor,  and  some  arsenic  appears  in  the  urine,  but  it  is 
not  known  in  what  form. 

Preparations. 

AciDUM  Arsenosum  (U.  S.  p.),  Acidum  Arseniosum  (B.  p.)  (As,OJ, 
arsenous  or  arsenious  acid  anhydride,  white  arsenic,  ratsbane,  forms  a  white 
powder,  or  opaque,  porcelain-like  masses,  or  a  transparent,  amorphous  sur- 
face like  glass.  It  dissolves  slowly  in  cold  water,  the  glassy  variety  requir- 
ing about  thirty,  the  porcelain  about  eighty  parts  of  water.  It  is  almost 
tasteless  and  has  no  odor.  1-5  mgs.  (b\j-i*i  gr.),  in  pill  or  solution,  after 
meals.     The  '^  Asiatic"  pill  consists  of  arsenic,  black  pepper  and  liquorice. 

Liquor  Acidi  Arsenosi  (U.  S.  P.),  Liquor  Arsenici  HydrocMoricus  (B.  P.),  a 
one  per  cent,  solution  of  arsenous  acid  acidulated  with  hydrochloric  acid. 
0.05-0.5  c.c.  (1-8  mins.),  S-5  drops  three  times  daily,  after  meals. 

Liquor  Potassii  Arsenitis  (U.  S.  P.),  Liquor  Arsenicalis  (B.  P.),  Fow- 
ler^ s  solution,  contains  one  per  cent,  of  arsenous  acid  neutralized  with  bicar- 
bonate of  potash,  to  which  compound  tincture  of  lavender  is  added  to  give 
color  and  flavor.  0.05-0.5  c.c.  (1-8  mins.),  3-5  drops  three  times  daily, 
after  meals. 

Sodii  ArsenoH  (IT.  S.  P.)  (Na,HAsO  -f  7H,0)  forms  colorless,  odorless  crys- 
tals, very  soluble  in  water,  with  a  mild,  alkaline  taste.     1-5  mgs.  (sV-i'r  gr-)- 

Sodii  Arsenas  (B.  P.)  (Na,HAsOJ  is  prepared  ftom  the  ordinary  arsenate 
(I'.  S.  P.)  by  driving  off  the  water  of  crystallization,  and  forms  a  white 
powder.     -}jr-h  gr. 

Liquor  Sodii  ArsencUis  (U.  S.  P.,  B.  P.),  Pearson's  solution,  a  one  per  cent, 
solution  of  the  sodium  arsenate  of  the  respective  pharmacopoeias.  0.05-0.5 
c.c.  (1-8  mins.). 

Araeni  lodidum  (U.  S.  P.),  Araenii  lodidum  (B.  P.)  (Asl,),  glossy,  orange- 
red  crystals  with  an  iodine  odor  and  slowly  giving  off  iodine  in  the  air  ;  it  ia 
soluble  in  7  parts  of  water,  but  the  solution  soon  decomposes  into  arsenous 
and  hydriodic  acids.     3-10  mgs.  {^o-i  gr.)- 

Liquor  Arseni  (Arsenii,  B.  P.)  et  Hydrargyri  Iodidi  (U.  S.  P.,  B.  P.), 
Donovan's  solution,  contains  one  per  cent,  of  arsenic  iodide  and  one  per 
cent,  of  red  mercuric  iodide.  This  solution  is  clear  and  yellowish,  without 
odor,  but  with  a  harsh  metallic  taste.     0.3-1.3  c.c.  (5-20  mins.),  after  meals. 
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Arsenic  is  in  the  great  majority  of  cases  prescribed  in  the  fonn  of 
Fowler^s  solution.  It  is  generally  advisable  to  commence  with  smaD 
doses,  and  to  increase  them  as  tolerance  is  developed,  but  some  aii-| 
thorities  advise  large  doses  from  the  outset.  Arsenic  is  always  pre- 
scribed to  be  taken  after  meals,  in  order  to  avoid  any  possible  acdoi 
on  the  digestion.*  Several  authors  have  recommended  the  hypoderaoB 
injection  of  Fowler's  solution  diluted  with  two  parts  of  water.  (Dok 
0.5  C.C.,  8  mins.)  Arsenic  is  contraindicated  in  cases  of  irritation  d 
the  stomach  and  bowel,  and  is  generally  avoided  during  acute  fever, 
except  in  malaria. 

If  symptoms  of  chronic  poisoning  begin  to  assert  themselves,  tb 
drug  must  Ik?  discontinued  at  once.  The  first  symptoms  are  generaDy 
disordere<l  digestion,  loss  of  appetite  and  discomfort  in  the  stomack 
region,  a  feeling  of  constriction  in  the  throat  and  redness  and  swelling 
of  the  conjunctiva  and  eyelids. 

In  Acute  Arsenic  Poisoning  the  stomach  ought  to  l>e  emptied  at  onoe 
by  means  of  the  stomach  tube  or  by  an  emetic  (apomorphine).  The 
stomach  washing  is  to  l)e  continued  for  some  time,  as  arsenic  is  veiy 
insoluble.  Various  chemical  antidotes  have  been  advised,  chiefly  with 
the  view  of  forming  the  insoluble  arsenites  of  iron  or  magnesia.  The 
best  preparation  of  iron  is  the  hydrate,  which  must  be  recently  pre- 
cipitated, as  it  forms  granules  when  it  is  allowed  to  stand  and  is  then 
much  less  efficient ;  it  may  be  prepared  in  an  emergency  by  adding 
magnesia  to  a  solution  of  iron  sulphate.  Magnesia  alone  may  be  u?c(l, 
and  for  this  pur{)ose  magnesia  levis  is  preferable,  given  shaken  op 
with  water.  The  mixture  of  iron  sulphate  and  magnesia  has  the  ad- 
vantage ()f  containing  in  addition  to  the  hydrate  and  magnesia,  the 
<»athartic  sulphate  of  magnesium,  which  tends  to  remove  from  the  in- 
testine any  arsenic  which  may  have  already  passed  into  it.  The  anti- 
dote should  be  given  in  large  quantities  at  intervals  as  long  as  the 
acute  symptoms  jxirsist. 

The  collapse  is  treated  by  the  ordinary  measures,  warmth  and  stimn- 
lants,  such  as  caffeine  and  digitalis.  In  chwnic  poisoning,  the  paralj- 
sis  is  treated  by  stimulating  the  muscles  with  the  galvanic  current. the 
other  symptoms  by  suitable  general  treatment. 
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PART  IV. 

THE  HEAVY  METALS. 

HEAVY  METALS. 

k  LARG£  number  of  important  drugs,  belonging  to  the  chemical 
ies  of  heavy  metals  resemble  each  other  so  closely  in  their  action  in 
ing  organisms  that  they  may  be  readily  grouped  together  in  a  divi- 
m  of  the  pharmacological  system.  Some  authors  include  in  this 
ries  arsenic  and  antimony,  but  the  former  presents  so  many  analogies 
I  phosphorus  in  its  effects  that  it  is  preferable  to  treat  it  apart  from 
le  heavy  metals.  Antimony  is  certainly  as  closely  related  to  arsenic 
B  to  this  group,  and  may  be  regarded  as  a  connecting  link  between 
liem. 

The  metals  as  such  do  not  induce  any  symptoms  except  from  their 
nechanical  properties.  Thus  mercury  may  be  swallowed  in  large 
fOftDtities  without  causing  mercurial  poisoning,  and  silver  or  copper 
Qoiiis  are  equally  devoid  of  effect  as  poisons.  They  are  active  only 
irhen  they  are  capable  of  dissociation  into  ions  of  the  metal  or  of  an 
oxide.  Thus  potassium  ferrocyanide  does  not  cause  any  symptoms  of 
oon  poisoning  when  it  is  injected  into  a  vein,  because  the  iron  passes 
ttiough  the  body  undissociated,  and  any  effects  are  due  to  the  ferrocya- 
Bide  ion  and  not  to  the  iron.  In  the  same  way  compounds  of  the  metals 
rtth  ethyl  and  methyl,  such  as  lead  triethyl,  have  an  action  quite  dif- 
|e»ent  from  that  of  lead,  as  long  as  they  remain  undecomposed  in  the 
*%«ies,  but  eventually  induce  metallic  poisoning,  as  they  are  brokert 
pinto  bodies  from  which  the  lead  or  lead  oxide  ion  can  be  dissociated. 

The  action  of  the  heavy  metals  consists  of  two  parts,  the  local  effects 
i^ooed  at  the  point  of  application,  and  the  general  effects  which  fol- 
iw  the  absorption  of  the  poison  into  the  blood  and  tissues.  Either  of 
hese  may  be  produced  alone  by  suitable  preparations  and  modes  of 
^ministration,  and  they  are  to  be  regarded  as  entirely  independent  of 
«ch  other. 

The  Local  Action  of  the  heavy  metal  series  is  due  to  the  formation 
rf  pioteid  combinations.  When  the  salt  of  a  heavy  metal  is  added  to 
Violation  of  egg  albumin,  or  of  similar  proteid,  a  precipitate  is  at 
••oe  formed  of  metallic  albuminate.  The  proteids  apparently  play  the 
^  of  acids,  forming  insoluble  salts  with  the  metals,  but  these  salts 
^  not  generally  of  definite  chemical  composition,  for  the  percentage 
I^  metal  contained  in  the  albuminate  usually  varies  within  wide 
'i^te;  in  some  caaes,  however,  definite  compounds  have  been  formed. 
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The  albumiu  displaces  the  original  acid  of  the  salt^  which  may  he 
entirely  removed    by  proloDged    washing.     The  albuminates  of  tk- 
metals  are   insoluble   in    water,  but   jsome  of  them,  notably  that  of 
mercury,  are  soluble  in  excess  of  proteiil,  and  most  of  them  mav  b^- 
dissolved  in  solutions  of  neutral  salts  such  as  chloride  of  sodiunK    hi 
the  albuminates  formed  by  the  addition  of  salts  to  proteid  soluiions.tho 
metids  are  combined  in  the  same  way  as  in  inorgsmic  salts,  and  may  W 
det^L'Cted  by  their  usual   reactions.     Thus  iron  albuminate  i?  rapiJly 
blackened  by  the  presence  of  ammonium  sulphide,  because  ferrous  bul- 
phide  is  ibrmed  from  it  exactly  as  from  any  of  the  inorganic  salta.   On 
sulyeeting  these  albuminates  to  certain  chemical  manipulations,  bow- 
ever,  the  metal  seems  to  become  more  firmly  attached  to  the  prot^ii 
for  ammonium  sulphide  acts  on  it  much  more  slowly.     The  metal  is 
then  i^aid  to  be  maskudj  because  its  presence  is  not  so  readily  detected 
£is  in  ordinary  combinations.     Partially  masked  prejiarations  have  hetu 
formed  artificially,  but  in  the  l>ody  the  pnx^ess  is  carried  much  further, 
for  in  many  of  their  jirotcid  compounds  the  metals  cannot  he  detected 
by  any  of  the  ordinary  tests,  however  long  the  reagents  may  reroaiD 
in  contact  with  them,  and  their  presence  is  recognized  only  when  the 
proteid  is  destroyed  by  heat  or  otiier  similar  agencies. 

When  a  solution  of  a  metallic  m\i  comes  in  contact  with  a  living 
tissue,  such  as  tlie  mucous  membrane  uf  the  mouth  or  stomach,  the  al- 
buminate is  at  once  formed,  and  the  acid  with  which  the  metal  wag 
combined  is  set  free.  Tlie  more  completely  dissociated  the  ions  of  the 
salt  are,  the  more  rapid  is  the  reaction  with  proteid  and  the  more  in- 
tense the  local  action.  Thus  the  more  readily  ionized  inorganic  salts 
act  more  strongly  than  the  organic  ones  which  are  slowly  dissociated, 
and  thesre  in  turn  are  more  liable  to  cause  marked  local  changes  than 
the  double  salts,  which  are  dissociated  with  difficulty,*  Other  factors 
determining  the  nature  *»f  the  local  action  are  tlie  character  of  the  pre- 
cipitate and  the  activity  of  the  acid  formed,  the  latter  again  varying 
with  the  extent  to  which  it  is  dissociated  into  ions  ;  it  therefore  exer- 
cises the  same  astringent  or  corrosive  effects  as  if  it  had  been  applied 
tincombined,  but  its  action  may  be  modified  by  the  presence  of  a  layer 
of  metallic  albuminate  protecting  the  surface.  Thus  when  a  weak  solu- 
tion of  lead  acetate  is  applied  to  a  mucous  membrane,  the  metal  forms 
an  allium inatc  with  the  proteid s  lying  on  the  surface  and  in  the  more 
superficial  parts  of  the  cells.  Tliis  albuminate  forms  a  continuous  sheet 
over  the  mucous  membrane,  and  the  very  dilute  acetic  acid  formed  is 
incapable  of  inducing  any  reaction.  If  a  stronger  solution  be  a]>p1ied, 
however,  the  metallic  precipitate  extends  more  deeply  into  the  cell, 
while  the  acetic  acid,  being  more  c^oncentrated,  exercises  some  irritaut 
action.  As  the  concentration  increases,  the  deeper  parts  of  the  epi- 
thelial cells  arc  coagulatetl,  and  at  the  same  time  the  acid  becomes  more 
destnictive,  so  that  eventually  the  suj>crficial  layer  of  the  epithelium  is 
killed  and  the  decider  layers  are  attiicked.  The  acetate  of  lead  may 
thus  act  as  an  astringent,  covering  a  mucons  surface  with  a  protective 
'  PanL     Bedi'utting  dt*r  loneiilhtiorie  f.  d.  physioL  Cliemie,  1^1» 
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pellicle  of  insoluble  albiimuiate,  as  an  irritant,  which  induces  an  in- 
crease in  the  cir^uilatiuo  of  the  part,  a  mnrr  rapid  divisifm  of  the  cells 
aod  an  effusion  of  liquid,  or  as  a  corrosive,  iuvolviiig  the  supertieial 
layer  of  oelU,  and  souietiiuea  even  the  deeper  ones  in  its  destructive 
effects. 

Wheo  the  nitrate  of  lead  is  applied,  ttie  astringent  effect  is  much  less 
evident,  the  irritant  and  corrosive  raore  marked,  Ix^cause  the  salt  is 
more  readily  diasociated  and  the  reaction  is  therefore  more  rapid,  and  in 
addition  the  nitric  acid  is  much  more  corrosive  than  acetic  acid.  The 
same  metal  attached  to  different  acitls  may  tlierefore  induce  very  dif- 
ferent effects,  in  the  one  casa  acting  chiefly  as  an  astringent,  in  tlie 
other  as  an  irritant  and  ci>rrostve* 

The  character  of  the  precipitate  formed  also  determines  to  some  ex- 
tent the  local  action  of  tlie  metallic  salts.  Thus  the  salta  of  mercury 
are  more  irritant  and  corrosive  than  those  of  tlic  other  metals,  partly 
iaps,  Ix^'cause  the  preeipitate  is  less  ^.^ntinuous  and  more  loose  and 

ky,  partly  because  it  is  S4)luble  in  excess  of  proteid,  and  therefore 
Allows  tire  unattached  molecules  to  penetrate  deeply,  while  the  lead 
albuminate  remains  on  the  surface  of  the  membrane.  The  metals  also 
ditfer  in  their  toxicity,  ami  a  trace  of  mercury  is  sufficient  to  kill  a 
cell,  whereas  a  larger  amount  of  lead  may  Ix?  abs<:)rlK\l  by  it  without 
injury. 

In  addition  salts  which  have  a  very  strong  affinity  for  water  with- 
draw tlui<l  fri»m  the  cells  and  thus  aet  mure  strongly  on  them  than 
othere  which  have  not  this  eliaraetcr ;  fur  example  tlried  alum  is  tniich 
more  destructive  to  the  tissues  with  which  it  comes  in  contact  than 
am  csf^ntaining  itaa  onlinary  water  of  crystallization. 

The  different  metallic  salts  therefr»re  vary  in  their  local  action 
within  wide  limits  —  from  the  ibrmatitju  nf  nnUlly  astringent  mem- 
branes to  the  production  of  widespn^ad  necrosis  and  destruction  of  tissue. 

The  insi4uble  salts  come  into  less  intimate  contact  with  the  tisanes, 
and  have  much  less  effect  ;  but  many  »>f  them  are  slowly  formed  into 
album! mites  and  may  then  aet  as  irritants  or  ivstriugents* 

The  most  pt>werful  ct^rrosive  salts  of  any  metal  are  those  which  are 
most  rapidly  dissi>ciated  into  ions,  that  is,  the  chlorides  and  nitrates^ 
providei!  they  are  soluble.  The  sulphates  are  much  less  irritant,  be- 
cause they  are  less  readily  disscjciated,  and  perhaps  l^ei^ause  the  sul- 
phuric acid  may  fail  to  j^venetrate  the  cells  uwing  to  its  Ix'ing  less 
valatile  and  its  anion  having  less  permeating  (^wiwer  than  that  of  hy- 
drochloric or  nitric  acid.  (See  page  5;15*)  The  ioilides  and  bromides 
are  generally  rt*gardrd  as  less  irritant  than  the  chlorides,  but  are  less 
frecpiently  used  and  less  well  known. 

The  least  cormsive  (»f  the  salts  of  the  metals  are  thi>se  formed  with 
the  slowly  dissociated  organic  acids,  sucli  as  the  acetates,  tartrates  or 
citrutes.  When  these  are  united  with  a  metal  which  iu  iti^lf  is  not  a 
very  active  |>oison,  such  as  lead,  they  are  almost  purely  aatriogeiiU 
On  the  other  hand,  the  acetate  of  silver  or  of  mercury  tends  to  be 
irritant  and  corrosive,  from  the  (>oisonous  action  of  these  metaU  oii  the 
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tiseues.     In  any  case,  the  acetates  are  less  irritant  than  the  o<>rr( 
ing  chlorides  and  nitrates,  provided  these  are  equally  soluble. 

The  local  action  also  varies  in  the  same  salt  of  different 
Ivead  is  the  most  astringent  of  the  metals  ordinarily  used  in  soli 
while  mercury  salts  have  little  or  no  astringent  aetioD,  owing  tx» 
gpeeifie  poisonous  action  on  the  cells.     Iron  and  alum  appnjflcli 
nearly  to  Ic^d,  then  copper,  zinc  and  silver,  and  at  a  longer  iati 
mercury. 

It  is  impossible  to  arrange  the  metallic  salts  as  either  astringeoti 
irritants,  because  in  every  instance  the  effect  varies  with  the  wi 
tnitiou,  and  with  many  other  features,  such  as  the  condition  nl 
eurfaee  to  which  they  are  applied,  and  the  quantity   of  proteid 
which  they  come  in  contact  before  they  actually  reach  the  living 
brane. 

Of  the  salts  in  common  use  the  most  astringent  are  l^d  acetate  ml 
alum  ;  tlie  most  irritant  are  the  jM^^rchloride  and  the  nitrate  of  memifji 
the  chlorides  of  zinc,  copjier,  tin  and  antimony,  while  the  ctiloridfl 
of  iron,  sulphates  of  copjier,  zinc,  iron  and  mangsmese,  the  acetiM 
of  copper  and  zinc  and  the  nitrates  of  silver  and  lead  are  ftstriogeofl 
when  applied  in  very  dilute  solution,  but  tend  to  irritate  and  cofTodfr 
in  larger  quantities.  In  most  cases  the  effects  of  the  last  groitp  lit 
made  up  of  a  mixture  of  astringent  and  irritant  action. 

The  insoluble  preparations  of  mercury  tend  to  irritate  and  csorrodl^ 
thesurflices  to  which  thoy  are  applied,  but  tlie  insoluble  salts  of  the 
I  n  eta  Is  a  re  gen  er  al  1  y  as  t  r  i  n  ge  n  t .     1 1  is  d  i  ffic  u  1 1  to  d  et  enn  in  e  h  o  w  fair 
so-cxilIe<l  astringent  and  protective  action  of  these  insoluble  mh§h 
is  due  to   the  formation  of  albuminates,  and  how  far  to  their  a< 
mechanically  as  protwtive  coverings  over  irritatetl   surfaces,  hut 
latter  factor  is  umluubtodly  the  mure  important  in  many  instances. 

The  precipitation  induced  by  the  astringents  involves  only  the  ^if6<« 
layer  of  cells,  but  tlie  membrane  formed  protects  the  part  from  o^ 
chauical  and  chemical  irritation,  and  thus  lessens  congestion  and  inflws- 
mation.  lu  addition  several  authr^rs  '  have  fouml  that  the  a.«triflg€Dt 
salts  contract  tljc  vessels  of  the  frog's  mesentery  by  direct  aclioo  (ffl 
their  coats,  and  hove  inferre<l  that  the  same  constriction  is  induced  io 
the  mucous  membranes,  when  they  are  applied  to  them.  Sdioti' 
found  that  the  secretion  of  the  frog^s  skin  and  tongue  is  lei^flW 
when  these  parts  are  waslied  with  astringent  metallic  salts,  and  it  ^ 
quite  possible  that  when  these  are  applied  to  inflamed  merobraatfi,  tlwy 
may  ccuistrict  the  vesscjls  and  lessen  the  secretions,  as  well  as  form  » 
protective  membrane.  When  irritation  is  induced,  the  vessels  of  w>w»f 
dilate,  and  congestion  and  exudation  follow. 

The  local  action  is  due  to  the  formation  of  albuminate  corap^oodi 
and  the  liberation  of  acid.  If  the  metal  be  applied  in  the  foriwof  ^ 
albuminate,  this  irritation  is  almost  entirely  absent  except  in  safer» 

'  Ro^enxtimf  EossbacK'p  Pliarrnakologisc-he  UnterBUchungen,  ii.,  p.  M.  iM**^  ^^ 
chow* 8  Arfh^j  cxvi.,  p.  22fK 

^Arch.  f.  exp.  Patn.  u»  limrm.,  xxviL,  p.  2<^ 
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l|ioidonouH  action  of  the  metal  may  cause  neerosis  and  consequent 
fttioQ  and  iutlamraation.  The  double  salts  of  the  metals  are  also 
liable  to  irritate,  because  they  do  not  precipitate  albumin,  and 
'  dissociation  only  occurs  slowly  and  is  not  confined  to  the  jjoint 
application.  Of  course  if  the^se  double  salt*  are  decomposed  by 
'9,  as  in  the  stomach,  they  may  act  as*  irritants. 
lie  s>alt3  of  the  heavy  metiib  are  often  only  slowly  AbBorbed. 
?ury  is  again  an  exception,  but  even  mercury  d^ies  not  induce  ^cn- 
syiupUinfci  undl  many  hours  after  it^  administration.  The  other 
given  by  the  mouth  i>ass  through  the  alimentary  canal  for  the 
part  unabsorbed.  lu  recent  years  it  has  been  disputed  whether 
■1  manganese,  copper  and  other  metals  are  absorbed  at  all,  but 
§tigation  with  more  accurate  methods  has  shown  that  iron  and 
Hguaese  pass  into  the  tissues  from  the  alimentary  tract,  and  it  seems 
ible  that  a  small  proportion  of  most  of  the  metals  finds  its  way  into 
blood.  At  the  same  time  there  is  no  question  that  the  great  pro- 
tion  of  most  of  the  metals  passes  through  unabsorbed,  and  is  devoid 
ay  effect  except  from  its  local  action.  It  is  probable  that  the 
II  quantity  taken  op  by  the  sttmiach  and  intestine  is  first  formed 
proteid  compounds  in  every  instance,  but  there  is  very  little 
Own  as  to  tlie  pr^jeess.  When  there  is  any  lesion  of  the  stomach  and 
stine,  and  j>articiilarly  wlien  the  salt  induces  irritation  and  con- 
tion  itself,  mueli  more  of  the  metal  is  taken  up  than  by  the  normal 
lielium.  But  even  in  the  most  favorable  circumstances  little  of 
I  metal  is  absorbed,  and  in  acute  poisoning  the  symptoms  arise  from 
i  loc-al  irritation  and  corrtision,  and  only  to  a  smaller  extent  from 
I  general  action  of  the  metal. 
Ilf  the  abs<>rptiou  of  ttie  metals  is  slow,  their  Eieretion  progresses 
more  gradually,  and  repeated  administration  leads  to  their  aecum- 
Jion  in  the  tissues  and  thus  to  intoxication.  The  metal  seems  to 
re  the  bloiid  very  rapidly,  and  to  become  storeil  up  in  various 
us,  chiefly  the  liver,  to  a  less  extent  the  spleen,  kidney,  and  Iwne 
row.  While  some  of  the  metal  is  deposited  in  the  liver  and  other 
ins,  another  part  is  excreted,  ibr  the  most  part  along  the  alimentary 
Thus  it  is  found  in  the  saliva  and  gastric  secretion,  to  a  much 
er  amount  generally  in  that  of  the  lower  parts  of  the  small  intes- 
in  the  ca&cum  and  in  the  large  bowel.  A  oi>mparatively  small 
&unt  escapes  with  the  urine.  Some  metals  have  been  detected  in 
small  quantity  in  the  milk,  and  there  is  reason  to  suppose  that 
are  eliminated  by  the  other  cutaneous  secretions* 
The  (General  Action  of  the  heavy  metals  in  man  is  often  elicited 
ly  by  their  prolonged  ingestion,  but  it  has  been  studied  in  animals 
ly  the  intravenous  or  subcutaneous  injection  of  the  albuminates  or  of 
gB0  double  salt^,  wdiich  do  not  precipitate  the  proteids.  The  onlinary 
Bits  cannot  be  used,  becj\use  the  precipitated  albumin  of  the  blood 
oaoses  €ralx>lism,  and  this  obscures  the  symptoms.  The  symptoms  of 
acute  metallic  poisiiuing  elicited  thus  in  animals  generally  resemble 
fairly  closely  those  of  chronic  poisoning  in  man.     Of  course  the  ana- 
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toraicid  leisions  induced  in  tlu'  hitter  by  the  otinstant  presence  of  small 
quatititiL's  of  metals  in  the  nutritive  fluids,  can  only  be  induced  to  a 
limittHl  extent  in  such  experiments. 

Even  when  the  heavy  metals  are  injected  into  the  blood  in  oon&id- 
erable  fjnantity,  the  symptoms  are  often  late  in  appearing,  in  the  case 
of  ahiminiom  only  after  several  days,  go  that  the  slowness  of  the  ab- 
sorption from  tiie  inte^stine  is  not  the  only  explanation  of  tlie  delay  in 
the  onset  of  the  iutoxieation. 

The  general  symptoms  of  metallic  poisoning,  as  distinguished  fmm 
those  due  to  the  local  action  at  the  iK>iut  of  applieatiou,  arise  chiefly 
from  the  central  nervous  system,  and  from  the  excretory  passages  — 
the  alimentary  canal  and  the  kidney*  Metallic  |Knsouing  always  in- 
duces distorbance  of  the  Stomacli  and  Intestine,  manifej^ted  by  loss  of 
appetite,  paiu  and  discomfort  in  the  abdomen,  nausea,  vomiting  and 
purging.  In  some  cases  no  lesion  of  the  canal  is  observed  post  mortem, 
but  in  the  great  majority  congestion  and  swelling  of  the  mucous  mem- 
branes of  the  stomach  and  intestine  is  seen,  or  the  wliole  surface  mav 
be  covered  by  a  diphtheritic  membrane  tx^m posed  of  necrosed  cells 
and  inflammatory  exudate.  Beneath  this  liiemorrhages  occur,  and  if 
the  animal  live  hmg  enough,  ulcers  are  formed,  so  that  the  whole  con- 
dition cmi  sciircely  be  distinguished  frimi  that  of  dysentery.  Some 
metids  act  strnngly  ou  the  mouth  and  salivary  glands,  salivation  being 
one  of  the  earliest  features  of  mercury  poisoning.  The  lining  mem- 
brane of  the  mouth  becomes  congest*^]  and  inflamed,  and  numerous 
shallow  ulcers  are  formed  in  it. 

The  heavy  metals  thus  seem  to  have  a  specific  action  along  the 
alimeutary  tract  quite  indepeudent  of  the  local  action  induced  when 
they  are  swallowed.  This  is  connected  with  their  excretions  along  it, 
although  it  seems  inadvisable  in  the  present  state  of  knowledge  to  say 
that  tlicy  irritate  the  digestive  tract  because  they  are  excreted  in  it* 
One  or  two  metals,  notably  lead,  caose  constipation  and  colic  wlieo 
they  are  absorlx^d  into  the  blood,  but  under  certain  circumstances  they 
too  induce  purgation. 

Another  organ  which  suifers  from  the  circulation  of  metals  in  tlie 
blocKl  is  the  Kidney,  Comparatively  little  of  the  metal  is  excreted  in 
the  urine,  but  it  is  found  that  most  of  tliis  class  act  as  diuretics  in  small 
quantities.  8omewhat  larger  doses  irritate  the  renal  epitheliimi,  and 
albiuuiu  appears  in  the  urine,  along  with  casts  and  in  severe  cases 
bhiod  cells  and  ha>moglobin.  If  this  irritation  of  the  secretor}'^  cells 
be  long  coniimied,  it  sets  up  a  secondary  inflammation  of  the  intersti- 
tial tissue,  and  cirrhosis  of  the  kidney  results. 

The  Circulation  is  diflerently  affected  by  different  metals,  or  at  any 
rate,  the  effects  on  the  heart  and  vessels  are  described  differently  by 
the  writers  on  the  subject.  Very  often  the  heart  is  affected  only  in 
the  last  stages  of  |»oisoning,  and  it  is  imjwissible  to  determine  how  far 
its  failure  is  due  to  direct  action,  and  how  tar  to  the  general  disorder 
of  the  nutrition.  The  bloixl -pressure  invariably  falls  towards  the 
fatal  issue  of  the  intoxicatiou^  and  as  a  general  rule,  a  slow  fill]  is 
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olieerved  from  the  l^giniiing.     This  full   in  hlmxl-pr^ssure  lias  been 

ascribed  to  the  heart  action,  to  depre<sir>ri  of  the  vaso-motor  centre, 

aiid  tn  paralysis  of  the  splanchnic  tcrminiUions  in  the  mesenteric  ves* 

sels.     It  may  doubtless  l>e  inducetl  by  different  factors  in  I  he  different 

I      forms  uf  intoxication^  but  there  is  n(>  question  that  it  is  [lartly  due  to 

.      the  dilatation  of  the  vess€l3  of  the  intestines  and  stomach  from  the 

Hiiiflanimation  of  these  organs. 

^F     Several  metah  have  been  found  to  lessen  the  alkalinity  of  the  Blood 
r     by  iocreaning  the  amount  of  lactic  acid  in  it,  but  this  does  not  set^m 
'      a  cx)mmon   feature  in   metallic  poisoning.     The  general   malnutrition 
from  the  gas tro-in test inal  action   renders  it  impossible  to  determine 
j       whether  the  metals  often  alter  the  metabolism   of   the   bmly  through 
directly  alfi*cting  the  cells^  but  it  is  not  iraprobable  that  this  is  the  case, 
for  the  loss  of  weight  is  often  too  rapid  to  i>e  explaineti  by  the  starva- 
tion alone. 
I  The  Central  Nervous  Syateni  is  always  affected  more  or  less  by  the 

presence  of  the  metals  in  the  IiIimuI.  As  a  general  rule,  the  symptoms 
are  a  mixture  of  those  of  stimulation  of  cc^rtain  divisions  with  those  of 
paralysis  of  others.  Several  metals  induce  disturbance  of  the  psychical 
centres,  manifested  in  delirium,  hallucinations  and  mania,  or  in  stupor 
and  ei>rna.  Convulsions  <if  all  forms  iudic^ite  tluit  tfie  motor  areas  of 
the  brain,  the  basal  ganglia  and  the  spinal  eon!  are  atY«x»tcd  ;  thus 
epileptiform  couvulsions,  chorea,  clonic  and  tonic  spasms  occur  fnnn 
metallic  poisoning.  In  seveml  instances  actual  lesions  of  the  brain 
cc'lls  have  been  shown  U>  Ix*  caused  by  the  ingestie»n  of  the  metals. 
They  often  cause  gi^neral  weakness,  fir  pan^sis  of  certain  groups  of 
muscles,  and  in  addition  to  their  specitie  action  on  the  nervous  centres, 
they  may  induce  a  periphend  nenritis  (lead).  The  nins<'les  do  not 
8eem  to  be  so  readily  affected  in  general  ]>ois<7ning,  ah  hough  a  solution 
of  a  non- irritating  metallic  salt  generally  jmi ra I yzes  muscles  suspended 
in  it, 
^  Therapeutic  Uses,— In  therapeutics  only  mercury  and  intn  an'  largely 

employed  for  their  effects  after  id)sorption>  while  the  oLImxs  have  a 
more  or  less  extensive  use  for  their  local  effects  as  astrintrcnts,  iriitaoto^ 
*^IBtiici  '^r  s typties .  I  r <  m  is  n * »t  |  > resc ri  he< I  fo r  i t s  ^ivn era  1  act  i u ii  o  n  t he 
Ol^ns,  but  to  supply  the  [»lace  of  food-irons  in  the  formation  of  hiB- 
moglobin.  ^tj^jx^iry  is  usetl  for  its  spetnfic  effect  in  syphilis,  and  some 
of  its  prepamtirms  have  bwn  advised  as  cliureties.  Not  infrcfpiently 
the  local  action  of  the  liravy  mi'tals  is  sup|K»se<l  to  Ix'  imhiccd  after  ab- 
sorption, and  prf*scripti<ins  are  met  with  c«)ntaining  hmd  or  iron  which 
are  intended  to  stay  hiemorrhage  from  the  lung?*  or  from  tlie  kidneys. 
It  ought  to  be  recognixed,  however,  that  lead  or  imn  is  absorbed  only 
in  minute  quantities,  and  that  they  have  no  prtKlilection  for  the  l)leed- 
ing  p>tnts.  If  they  wert?  capable  of  coagulating  the  bliXHl  after  al>- 
sorption,  and  thus  stopping  hiemorrhage^  tliey  would  certainly  do  so  in 
tl*e  prirtal  circulation  and  would  not  he  carried  to  the  lungs  or  kidney 
before  they  acted.  As  u  matter  of  fact,  however,  they  never  reach  the 
blood  except  in  forms  in  which  they  have  no  astringent  or  styptic  action. 
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.     .11  is,  with  the  number*'^ 
i^^u  the  undissociateJ  laol^ 
.  -  fait  which  is  dissociaftH/ 
_.a^-  ip  for  this  drawback  hf 
'.t  most  widely  used  metallic 
amcular  the  perchloride,  bat 
^-   L  more  important  r6le  in  sur- 
..■    '  ?mall  quantities  of  some  of 
.  -u  -  ratal  to  some  of  the  algae, the 
-e  ^art  of  the  perchloride  of  mer- 
lin- :?pirogyra,  one  of  the  simpler 
..«i-  -essels  is  rapidly  destructive  to 
i^  -a*iil  pieces  of  copper  foil  in  water 
■,    :l=^  jrater  a  hundred  times  and  found 
X     :stui:$ms.     Silver  was  less  active  and 
.  ^        ''pper  in  the  original  solution  was 
..w    aemical  test,  much  more  so  then  in 
lis*  results,  which  were  first  obtained 
,    -^a  rtMifirmed  by  other  observers  besides 
...m:  nac  certain  lower  organisms  are  much 
^  .^    .    "PP^r,  and  probably  of  other  metals, 
.^«M«>4  points  and  animals.     Further  exami- 
^^Ma««*-nic?  in  medicine  and  surgery  is  certainly 
,.t^  jBvta-  io  the  growth  of  bacteria  have  been  ob- 
.  r»w«w  «o  found  that  a  piece  of  metal  placed 
,^   I  jT^uiiin  causes  curious  alternating  zones 
-jf^^iity.     These  observations  have  recently 
m  »i  ^".^Iff,*  who  state  that  silver,  mercury  and 
»  ^.i»rrh  of  microbes  owing  to  minute  traces 
^Mt^fc'Tfd  in  the  medium.     Several  other  heavy 
ifc.  lu*  ii>ld,  platinum  and  aluminum  —  proved 
-'i:planation  has  been  suggesteii  by  Novy 
'   w.*t  by  forming  peroxides  analogous  to 
L  w  peracids  (see  page  592),  and  this  view 
msMe  than  one  that  supposes  a  solution  of 
dUotion  as  that  tested  by  Israel  and  Kling- 
*     of  this  bactericidal  action  of  the  metals 
tBtroihietion  of  solutions  of  colloid  forms  of 

^^  Kf  f.  IIvKiene,  xxv.,  p.  1. 

cxlvii..  p.  293. 

r  .V#*v.  of  Araer.  Physicians,  xii.,  p.  488. 

ixxiT..  ^  43. 
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I       1'^^^^^^^^*^*^^  ^^  antimony  played  a  much  raon?  important  r6le  in 

f  !'MjjMHitic8  in  the  earlier  part  i\(  last  century  than  at  thu  prea<>nt  time^i 

^  I    I'f'mnso  to  be  nsTi'il  to  a  still   nior^*  limited   extent   in   the   future. 

Itj  many  respects  tliey  resemble  arsenic  in  their  eflfects,  and  raay  be 

\mm\  ujmo  as  fiirniing  a  link  tM?tween  it  anil  the  salts  of  the  other 

iw^vy  iiietals.     The  salt  moat  eonimonly  umhI  is  tarUir  emeik\  or  the 

Juublti  tartrate  pf  antimony  and  pobmKinni    [K{SbO)C,IIpJ .     The 

effects  ot  this  8*ilt  were  at  one  time  believed  to  be  due  in  part  to  tlie 

[KitaAsuim,  but  have  been  ^hown  to  be  those  of  the  an  time  my  alone, 

Maay  otiier  eora|Knindg  of  antimony  have  been  n.«iuil  in  therajRHitics, 

and  several  others  are  still  found  in  ttie  pliarniacop^eias,  but  they  ditfer 

for  most  part  from  tartar  emetie  oidy  in  the  rapidity   of  their  action. 

Tartar  emetic,  Ijke  other  di>id,i|f  suilta,  \^  nnt  ciirmsiv^  ba^use   it 

doe^  not  pretiii>itate  proteids  except   in  acid  Holution.s,  in  which   it  m 

dvcompo^vd  into  simpler  forms.     The   ciiloride   of  antimony,  on  the 

other  hand,  readily   disstJciateH  the  antimony  ion  aiid  is  a  powerful 

caustic  when  applie<l  Ur  the  nkin  or  tlie  m neons  membranes. 

When  rubl)ed  on  the  Skin,  however,  tartar  emetic  cauae?^  rcilnesSf 

and  a  j>a[>ular  eniptifin^  ^yhl^h  later  pnasp^  jf^to  ycT^it-h^^  ^*"^^  pusfulr^i 

If  the  application  be  further  persist4?d  in,  them*  pustules  may  l>ecome 

eonrtuent  and   form  small  absc*esses,  and  later  cause  extensive  nwrosis 

I  and  ulcenition  of  the  skin.    The  jujints  of  origin  of  the  papules  are  the 

"openings  of  the  eutiineouhi  glands  and  the  hair  follicles. 

Sym^toma.  —  Tartar  emetic   has  a   slight,  acrid  taste,  and  in  verjr 
yijlflll  quantities  cauBcs  no  symptoms^  except  ac^ynft  pprapirfltim       In 
somewhat  larger  doses  its  ingestion  is  followed  by  nagseaand  vomitingi 
with  very  inarked  depr<;»«i«^n  smA  tho  maiuil  anf*oi|fpp^piu^nf^ 
guch  as  salivation,  profua^  perspiration  and  acoeleratJorT^T  th^  puL^ 
(sifee  Aporaorphme,  p^e  235).     In  antimonial  poisotiing  the  vomiting 
is  violent  and  continnouB,  the  ordinary  contents  of  the  stomach  being 
first  evaciiateil,  and  then  a  slimy  mneous  tlui<l,  which  may  later  con- 
tain blotKi.     In  some  oame^  it  is  said   that  no  gastric  symptoms  are 
observed,  but   these  must  lie  exceedingly  rare.     The  vomiting  is  ac- 
oompanied  by  profuse  watery  diarrhcea^  resembling  that  of  arsenical 
|poiiSM)ning,  ami  by  great  muscular  weakness  and  collapse*.     The  pulse 
ifnay  be  somewhat  accelerated  at  first,  Init  is  weak,  and  later  beeomea 
[slow  ami  irregular.     The  skin  is  ct>ld  and  a>vere*l  with  a  clammy  jjer- 
Mpiration,  and  cyanitsis  i4'th*^  face  and  extremities  is  genendly  marke«J, 
iThe   respinition    is   slow  and   may  be  irregular,   the  voice   wcjik  and 
rbuakVy  the  tcm|Teniture  is  ih*pressed,  and  the  jmtient  falls  into  a  coma* 
{Condition,  which  dct^pens^  until  after  a  few  weak  convulsive  cnnve- 
%U  the  respiration  eeiisi^'s.     Tin*  urine  is  sometimes  incrcase<l  in  the 
Itegionuig  of  the  |>oisouing,  but  later  may  bei.xjme  scanty  or  entirely 
StipprBS^Hh      It  ol^en  omtains  albumin. 

I     The  minimum  fatal  dose  of  tartar  emetic  is  doubt fuK  as  the  greater 
part  of  the  p<ns«in  la  generally  removed  by  vomiting.     Hecovery  has 
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been  observed  after  very  large  quantities,  while   in  other  cases  0,1 
(2  grs,)  has  proved  fatal. 

Chronic  antimonial  poisoning  is  very  rare  and  difficult  to  dia^o^, 
symptoms  are  depression,  lii/adaebe,  giddiness  and  confusion,  dru\\e<inea9| 
mdi.stinct  sight.  The  appetite  is  bud,  and  the  patient  complaijid  of  bal 
ness^  discomfort ^  or  pain  in  the  region  of  the  stomachy  general  weiikDea^l 
eicbaustion.  Profuse  diarrhcra  may  be  present*  I'apid  loss  of  flt«b,  albtil 
nuria  and  finally  collapse.  Pustnlar  eruptions  have  been  obiser\*ed  from  I 
prolonged  internal  use  of  tartar  emetic. 

Action.  —  Many  of  the  symptoms  of  antimonial  [)oisoning,  the 
fuse  per^pimtion,  salivation  and,  to  s^jme  extent  at  least,  the  i 
are  manifestly  secondary  to  the  Emetic  Action,  and  the  cauj?e  of  i 
vomiting  has,  accordingly,  been  repeatedly  investigated.     It  may 
stated  at  once  that  some  authors  attribute  the  vomiting  to  a  ccntu 
action,  but  that  the  majority  are  inclined  to  regard  it  a^  mainly  due  I 
irritation  of  the  stomach.     JL^^edo^s  of  antimony  affect  the  stoma 
and  Innvel  in  the  i%ame  way  as  arsenjc,  inducing  hypera^niia  and  s\v^ 


ingandjoosening  of  the  epitheliunit  but  smaller  quantities  such  a<ill 
llsetTTii  therapeutics  do  not  seem  to  cause  any  ol>vious  lesion  Itf 
fiauul  that  tartar  emetic  injcH^ted  hypodcrniically  or  intravenou4| 
causes  nausea  aud  vomiting,  but  raucii  hirger  quantities  are  reqiiir 
tliau  are  requisite  when  the  drug  is  given  by  the  mouth.  This  ind 
cates  a  direct  action  on  the  stomach,  rather  than  on  the  centre  ffll 
vomiting,  aud  this  view  is  supjKjrted  by  the  fact  that  antimony 
found  in  the  stomach  and  intestine  when  it  is  injected  intnivenously. 
The  obvious  explanation  would  therefore  seem  to  be  that  antiimioy 
given  by  the  mouth  acts  as  a  gastric  irritant,  and  causes  voniitini 
while  when  it  is  injected  intravenously  it  is  carried  to  the  stomadv| 
and  again  (Pluses  irritation  with  the  same  result.  The  whole  of 
antimtiny  swallowed  acts  at  once  on  the  stomach,  while  only  I 
of  that  injected  exerts  its  action  on  it,  and  larger  doses  are  the 
necessary  when  the  poison  is  administered  in  the  latter  way. 

This  explanation  is  opposed,  however,  to  an  observation  made  by  Orfi' 
who  found  that  when  the  stomach  Wi\s  excised  and  replaced  by  a  dead  Wn 
der,  tiirtar  emetic  still  caused  the  movements  of  vomiliDg,  which  t'vdil 
oxpresjieil  the  fluid  in  the  blad*ler»  Uf  course  no  antimony  could  be  eitrcl 
into  the  bladder,  and  no  irritation  or  reflexes  could  arise  from  it^  Aj 
Mtis^o  stales  that  when  the  vagus  nerves  are  cut  below  the  diaphragnii 
tar  emetic  foils  to  cause  vomiting  when  it  is  swallowed,  but  large  doBohi** 
their  usual  effect  when  injected  into  a  vein.  These  observalioosappew** 
first  sight  to  indicate  that  tartar  emetic  acts  centmlly,  but  It  has  been  m- 
gesled  that  although  the  poison  could  not  act  on  the  stomach  inOr^ld* 
e^|H>riment  it  might  cause  vomiting  by  causing  irritation  of  some  other  p»rt 
of  the  alimentary  tract.  As  regards  Mosso^s  results,  the  relation  of  th*^ 
vaint^  nerve  to  vomiting  is  still  so  olisrure  that  it  is  dangerous  to  dmu  ar" 
hiferiL^nce  fh>m  such  experiments.  On  the  whole  the  evidence  goes  tosh< 
that  the  eme»s  is  due  to  irritatiaa  of  the  gastric  mucous  membmne  by 
antimony. 

The  action  of  tartar  emetic  on  the  Stomach  has  been  explained  by 
»up|H>sing  that  the  acid  gastric  juice  decomposes  the  double  salmw 
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the  chloride  thus  formed  nets  as  a  corrosive  in  the  same  way  m 
chlorides  of  tlie  other  heavy  metals.     This,  however,  fails  to  ex- 
kin  the  fact   that  the  same  effects  are  met  with  in  the  iotestiiie,  in 
luch  no  such  acid  fluid  exists,  and  that  vomiting  is  iiulncL»iI  readily 
en  the  gastric  juice  is  neutral  In  reaction  (Mosso).     A  more  prob- 
le  explanation  is  that  antimony  has  a  specific  irritant  etfcct  on  the 
icoas  raerabraaes  of  the  stomach  and  b<:)wel^j  similar  to  that  of  ar- 
lic*    The  irritation  is  greater,  however,  and  is  induced  more  rapidly, 
I  that  vomiting  is  caused   much  more  easily.     At  the  same  time,  an- 
aony  is   more  slowly  al>sorbcd  than  arsenic,  so  that  its  action  re- 
nins confined  to  the  stomach,  and  as  the  vomiting  removes  much  the 
iter    part   of  the  poison,  the   intestine  remains  unharmed   ex4:^pt 
ben  large  quantities  have  been  swallowed  and  the  emesis  is  from  any 
insufficient.      Tn  chronic  [xiisoning  ulceration  of  the  small  intes- 
is  said  to  occur,  esix^cially  around  the  solifairy  follicles  and  Pey- 
r^s  patches. 

The  acceleration  of  the  Pulse  seen  after  tartar  emetic  is  due  for  the  most 

art  t*j  the  emetic  action  und  not  to  the  absorption  of  the  drag.     When  in* 

tcted  into  a  vein  in  animals^   antimtmy  causes  a  slow  and  weak  pulse, 

bough  this  is  preceded  in  some  cases  by  slight  acceleration.     The  action 

k direct  one  on  the  eurdiiic  muscle,  as  may  be  seen  by  perf\ising  an  excised 

jf»  heart  with  hloofl  eoiitaitdiig  some  tartar  emetic.     The  cardiac  nerves 

►  not  seem  to  he  airccted. 

The  Blood-pressure  falls  throughout  the  experiment,  partly  owing  to  the 
Jcuess  of  the  hciirt  hut  ehictly  owing  to  an  liction  on  the  vaseukr  mecha- 
dimilar  to  that  described    under  arsenic.     Here  again  it  is  doubtful 
hetber  the  effect  i»  due  to  the  vas<j-molor  centre  or  to  the  peripheral  nerves 
Bd  muscle  of  the  vessels^  but  the  latter  are  certainly  iuvolved,  for  slimula- 
the  spinal  corrl  fails  to  contract  the  mesenteric  vessels. 
I  BespiratloE  is  often  slightly  acceJerated  at  lirst,  and  may  Ite  shallow 
egiilar  from  the  tiausea  ;  but  lu  caset*  of  jioisoiiing  it  becomes  slow  and 
labored,  and  eventually  ceases  along  with  the  heart.     The  respiratorj'  centre 
is  perhaps  affected  dire**tly  to  some  extent,  hut  the  change^s  in  the  breathing 
are  probably  due  for  the  most  part  to  the  disturbance  of  the  circulation^  and 
to  the  action  on  the  alimentary  canal.     The  statement  made  hy  some  of  the 
older  writers  that  antimony  caused  hepatization  of  the  lungs^  htis  been  shown 
to  be  incorrect. 
The  Central  Nervous  System  in  depressed   by  antimony  in  the   frog, 
^pontaneoiis    movements    persisting   atHer   the   reflexes    have   disappeared, 
H^cording  i^  some  authors.     This  has  been  interpreted  to  mean  that  antimony 
paralyzes  the  sensory  part  of  the  cord  or  its  connection  with  the  motor  cell, 
^*'hile  le;iving  the  connections  between  the  hitter  and  the  brain  intact ;  hut 
*he  statement  itself  requires  further  confirmation.     The  paralysis  is  due  to 
the  direct  action  of  antimony  on  the  nerve  cells  and  not  to  the  disordered 
fireolation,  for    frogs  poisoned  with   antinuiny  are  paralyzed  sooner  than 
BtiefH  in  which  the  circulation  is  entirely  destroyed  by  the  excision  of  the 
H|^     Thee ffect  of  an t i m o ny  o n  the  een tr a  1  n er v <  > u s  sy stem  f tf  th e  mam m als 
^^^■e  obscure,  for  it  is  impossilde  to  ascertain  how  far  the  changes  are  due 
l^Vrect  action  and  how  far  they  are  attrlhutahle  to  the  disturhanee  of  the 
^circulation  and  the  alimentary  canal.     There  is  reason  to  believe,  however^ 
that  the  poison  depresses  to  some  extent  the  nerve  cells  here  also.     Accord- 
ing to  Schaflfer,  the  cells  of  the  spinal  cord  undergo  a  degeneration  marked 
by  the  disappearance  of  the  chromatin  in  chronic  antimonial  poisoning. 
The  BepressioB  and  OoUapse  i»f  antimony  poisoning  are  caused  by  the 
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gEstric  efibciB  and  the  hlowed  cireiilatiou  acting  on  the  central  ncrvom  j 
tern,  and  not^  as  is  sometimes  stated,  to  the  peripheral  nerves  and  mu 
being  aHected.     The  voluntary  muscnhir  tissue  is  undoubtedly  weakene 
some  extent  in  the  frog,  but  ouly  after  large  doses  and  at  a  late  stage. 
musclei^  then  contract  somewhat  more  weakly  thau  normally,  and  ure  i 
ri/adily  fatigued. 

Many  of  the  SecretionB  are  increased  by  tartar  emetic,  auch  as  the  ] 
gpiration,  the  tuiliva  and  the  mucous  secretion  of  the  respiratory*  tract, 
is  not  due  to  any  direct  action  on  the  glands,  for  the  same  effect  is  indua 
by  anything  which  causes  vomiting.     (See  Af>omorphine,  page  235.1    Vst* 
urine  ia  sometimes  increased  by  antimony,  at  other  times  it  is  diminiahcflar 
suppressed.     This  ib  perhaps  due  to  a  prelimiuar^'  stimulation  of  the  r^nil 
epithelium^  which  passes  into  acute  irritation  when  much  of  the  drugisjtWi 
earbed.     The  action  on  the  urinary  secretion  is  not  ver>'  marked^  howe 

The  irritant  action  of  tartar  ctnetlc  *in  the  Skin  when  it  is  applies! 
to  it  ill  ointment,  haa  been  explained  by  the  double  salt  being  bruken 
up  by  the  acid  formed  iu  the  decomposing  secretions,  and  an  analog? 
lias  becti  dnnvn  between  it  and  the  irritant  effects  in  the  stomach.  In 
support  of  this  it  is  said  that  the  addition  of  alkalies  to  the  tartar 
emetic  ointment  prevents  the  formation  of  pustules.  This  does  not 
seem  a  very  happy  explanation,  although  it  accounts  for  the  forinatioo 
of  poatules  at  the  openings  of  the  skin  glands.  The  double  salt!*  of 
other  metals,  however,  which  would  form  irritants  in  the  same  w»v  m 
tartar  emetic  have  no  special  effect  on  the  mouths  of  the  gland  ducts, 
Niinn  finds  a  specific  effect  on  tlie  skin  of  the  frog  when  taiiar  emetic 
is  injected,  similar  to  that  induced  by  arsenic,  but  more  rapid  ia  it* 
onset,  and  this  may  explain  the  postulant  action.  A  pustular  erup- 
tion is  said  to  Ik?  induced  in  some  cases  when  antimony  is  tnken 
internally,  I*ustule8  also  occur  in  the  tcsophagns  when  tartar  emetic 
ia  swallowed,  and  irritation  of  the  mouth  and  sw^elling  of  the  lips 
have  been  obser^'^ed. 

The  eflTects  of  antimony  on  the  Kntrition  have  not  been  so  cmi^^ 
examined  as  those  of  arsenic,  hut,  as  far  as  is  known,  present  u  strong  i 
sc'mblance  to  them.  Thus  fatly  degeneration  of  many  organs  is  induced  t 
its  pro1onge<1  use,  the  nitrogen  of  the  urine  is  found  to  he  increa^ied,  amltb<? 
glycogen  disappears  from  the  liver,  Verj^  small  quantities  of  aatimonj 
given  rep€«teil!y  are  said  to  increase  the  glycojircn  and  fat  of  the  liver,  ffiti 
out  apjmrt^ntlv  altering  the  nitrogc*n  of  the  urine. 

The  fall  in  Temperature  after  antimony  is  often  verj*  considerahle^  amoiiBi 
itig  ill  animals  to  6^  C\  in  the  course  of  a  few  houi*s.     It  is  explained  byt*^ 
•lowne:^  of  the  cirrulatirtn  and  V>y  the  general  depression  and  collap«?« 
|iroflist»  perspiration. 

Antimony  i**  Absorbed  from  the  skin  very  slowly,  and  ft-om  the  stomaeb 
And  tultsetine.  It  passes  into  the  tiasues  much  moiT  gradually  than  amnir, 
lionwtr,  and  its  action  on  the  sstonmch^  can,  therefore,  be  elicited  wilh<'\'' 
dMIfer  of  its  musing  geneml  symptoms.  After  absorption  antimony 
AhmmI  hi  oonsidendde  quantity  in  the  liver,  which  stores  it  up  for  foO 
llmcv  It  is  t*\cn*te<i  into  the  stomach  and  intestine,  in  the  urine,  and,  it « 
m\4^  in  the  hih*  and  milk, 

Tlie  CIU«rid«  of  Antunony  (8bCl^)  differs  from  tartar  emetic  chiefly  in  bri«l 
II1pM^4||  cwrr\»<!«i\^*  which  i^mbines  to  form  albuminates  and  thu.«  act^  ^^l" 
•hj^  MWr  aftHi  of  Ibe  b«Mivx  metals,  and  al^^o  tends  to  w  ithdrnw  fltiid  N 
tMlMK|t^9lkW  tJawmi^  wlien  it  is  applied  in  a  concentrated  solution. 
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r  campounds  of  antimony  act  like  the  double  tartrate  except  that  most  of 
1  are  much  slower  in  their  et!e«^t.s.  Stibiine  or  iintimoinirelt<*d  hydrogen 
i^  differs  entirely  from  ursine  (AsHj)  in  its  eilects  whieh  arti  similar  to 
e  of  the  other  untimouy  preimratitins.  It  is  only  feebly  toxic,  and  owes 
^^vity  to  its  being  decomposed  in  the  organism. 

^  Preparations. 

^NT-TMtiXtr  r^  Pi^TAhiiTI  T.MfTTJil^  (U,  8.  P,)t  ANTIMONIUM   TARTARATUM 

p.),  tartar  emetic,  tartarated  antimony  ((KSbOCJIpJ,  4- H^O)  forms 
^MrkiaB,  transparent  crystals,  or  a  white  gmnulated  powder,  without  odor, 
I  having  a  sweety  afterwards  disagreeablej  metallic  taste,  sol y hie  in  17 
ts  of  cold  water,  insolnlde  in  aleohol.  D4*se  as  a  diaphoretic  0*002-0.008 
(iV-l  g*'0»  ^  ^°  emetic  0.03-0.1  G.  f^~-2  fft;,), 

fmJJU  Antimonii  (U.  S.  P.),  Vinum  Antimoniale  (B.  P.)^  4  part^  of 
tar  emetic  in  one  thousand  (IT.  H.  P.),  in  875  parts  (B.  P.).  0.6-2  c.c. 
udO  mins.),  diaphoretic;  4-15  e.e,  (1-4  dm,),  emetic. 

rkrtar  emetic  is  also  contained  in  the  com|KUind  syrup  of  squills  tT.  B.  P. 
inHmonii  Ox  id  am  (U.  8.  P.,  B.  P.)  (SbjO,),  a  heavy,  gray,  insoluble  and 
telesis  i>owder.     0,0-5-0,1  G.  (1-2  grs.). 

^IvU  Antimonialis  (U,  8.  P.,  B.  P.),  James^  powder,  consistH  of  antimony 
de  1  part  tt*  2  partes  of  phosphate  of  calcium.     0.15-0.3  G.  (3-6  grs.). 
ifUitnonii  Sufphidum  (U.  S.  P.)  (Bb  S^), 

iniimomi  Stdphidum  PurificcUutn  (U,  R.  P.),  Anlimonium  Nigrum  Purifi- 
urn  (B,  P.)  (8bj8^),  a  heavy  grayish  blai,*k  powder,  odorless,  tasteless  and 
oluble  in  w^ater.     O,0irjH-0J)6  G.  (i-1  gr,). 

intimonium  SulphurafHiti  {Ih  B.  P.,  B.  P.),  Kermea  mineral,  consists  of 
simony  9ulphi4le  (8b8j)  with  a  siuall  amount  of  oxide  (Sb^Oj) — an  amor- 
ous, reddish  brown  powder,  odorless^  tasteless  and  insoluble  in  water. 
«-0.3G,  (l-ngrs,). 

PUulfC  Antimonii  Compmitie  fU.  S.  P.),  Plummer'a  Pills,  each  contain  0,04 
(}  gr.)  of  sulphurated  antimony  and  an  equal  amount  of  calomel,  1-2 
k 

Fiiuln  Hifdrargyri  Stibehhridl  Compomta  (B,  P,),  Plummer's  Pills,  compound 
lumel  pill,  8  grains  contain  nearly  2  grains  eaeh  of  calomel  and  of  sul- 
urated  antimony.     4-8  grs, 

Tlierapeatic  Uses.  —  Antimony  is  n*;^^  tn  n  mtmh  l^^PTrf^nf  in  med- 
oe  than  was  formerly  the  ease.  In  the  .seventeenth  century  it  was 
•scribed  so  widely  and  was  believed  to  do  so  much  harm,  that  the 
fdtmt^  ill  tnedicipp  nf  He^dt'.Uai^rg  Ayen^  jY>i^i^iX£d^J^^^^ 
^g^gpjjgf*  if^  At  present  it  is  used  to  a  limited  extent  as  an  emTtrej 
t  is  slow  in  action  and  i ndne<^|^grf^^ter  flpprom^i nn  and  more  pro- 
ge^LuaU^iiiL  than  the  other  dru^s  whieli  arc  prescTiljcd  for  this  ]>ur- 
le,  such  as  a|M>morphine,  ipccacuatdui,  or  sulphate  of  cfjpper.  It  is 
trefore  seldom  ustxl  to  evacuate  the  stomach  in  eases  of  poisoning  or 
foreign  bodies  in  the  stomach  or  cesophagus*  Its  expeetorant  action 
taken  advantag€i  of  in  acute  bronchitis  in  which  the  secretion  of  the 
mchial  mucous  membmne  is  insufficient,  hut  it  is  of  less  value  when 
\  secretion  is  abun<Iant»  In  commencing  bronchitis  tartar  emetic  is 
netimes  given  until  vomiting  occurs,  and  then  continued  in  smaller 
les  and  at  longer  intervals. 

;t  is  also  used  as  a  diaphoretie  to  some  extent,  in  the  same  doses  as  are 
kscribed  as  ^xpectorantrt,  but  it  huH  bt^en  almost  entirely  supplanted  by 
[>carpine  for  this  purp<»se.     James^  powder  was  especially  popular  as  a 

aboretic,  but  is  now  seldom  employed. 
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In  acute  fever  antimony  was  formerly  largely  used  as  a  depressant,  mtok  I 
especially  when  delirium  wiw  u  marked  feature.  The  object  was  to  prcxfudLl 
a  mild  collapse^  but  the  treatment  ha$  been  entirely  obaudoned  by  mdlf 
authoritiee,  and  probably  did  more  harm  than  good.  Acute  lobar  |iii6k  1 
monia  was  almost  universally  treated  by  tartar  emetic  at  one  time,  anii  i 
attempt  has  recently  been  made  to  revive  this  treatment ,  but  without  so 
cess. 

Antimony  has  been  advised  instead  of  arsenic  in  the  int-emal  treatment  tfCJ 
Bkin  disease,  but  it  is  impossible  to  btate  at  present  how  far  it  ts  capable  l|(J 
replacing  the  more  widely  used  drug. 

In  all  cases  in  which  there  is  marked  depression  or  weakueeR,  in 
the  stomach  or  bowel  is  disordered,  or  in  which  the  cirt^ulAtion  is  feeble,  tbe 
preparations  of  antimony  are  contraindicated. 

Tartar  emetic  wag  formerly  used  in  ointment  (one  part  to  four)  asaflkii 
irritautr  but  its  cotitiiiued  application  has  led  in  several  cases  to  rU^ffhse  sub- 
cutaneous abs<*esft,  and  sometimes  to  necrosis  of  bone,  «o  that  the  tartAf 
emetic  ointmeut  ha.s  passed  into  desuetude. 

Id  crises  of  Antimonial  Poisoningp  emetics  are  seldom  required,  I 
the  gtomach  may  be  waslicd  out  by  means  uf  the  stomach  tulje, 
voniiiing  is  not  present,  and  a  purge  may  be  given  to  remove  the  j*oia 
in  the  lK)wel.  Tannic  acid  is  used  to  precipitate  the  antimony  in  1 
fitomach,  and  the  tannate  formed  must  be  washed  out.  A  form  of  t« 
nic  acid  which  is  us^ually  avaihible  in  emergencies  is  strong  tea,  whid 
is  also  useful  as  a  stimuhint  for  tlie  collapse.  Lime  or  magn^ia  jn&f 
be  used  to  precipitate  the  antimony  iDstead  of  tannic  acid. 
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II.    MERCUBY. 

Mercury,  one  of  the  most  powerful  inorganic  jioisoii5«  has  been  usro  I 
III  medieiue  for  a  long  time  and  id  a  lai-ge  variety  of  farms.  ?omej 
differeiioes  are  olxserved  in  the  action  of  these,  but  all  of  them  ioJu«  1 
the  sftine  general  results,  the  differences  existing  only  in  their  hm 
effect:^  and  being  due  to  the  salts  differing  in  solnbility  and  diseocia- 
bility,  A  ^ohihle^lt^such  as  the  pe  wh  1  o  ri  de^_  c<3mes  into  moryilta 
:i>ntact    with   tlie   tis^sues.  and   t li <^ re fj > re_jagts  Jti o re_ 
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UKntll\\  and  i?^  also  al>sorbe<l  more  rapidly  and  in  lai^erj.nij] 

omeL  \vhieh  is  entirely  insoiubie  in  water.     Both  tne^lo«d  ami  tJw 
genendeffVvts  of  the  jxvrchlortde  are  more  marked  than  tho^e  of  oJo- 
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mel,  therefore,  but  wlieii  siifficieiit  mercury  in  the  form  of  ciilomol  is 
absorWd  into  the  tissuesj  the  general  effects  are  the  sanie  a^i  if  an  et|uai 
quantity  had  been  taken  op  a^  jKTchloride. 

Mercury  is  absorbfiLand  cimiilat^  in  the  blood  io^the^fonn  of  ilie 
album inate,  which  h  hiho  1  u  bleTiPvv  a te r ,  but  is  rendered  ^luble  by  ex- 
cess of  prot^jd,  and  also  by  cliloridc  of  sodium  in  sncli  <juautities  as 
are  met  with  in  the  tissiH»>;,  The  solubility  of  the  albuminate  ex- 
plai  n  s  ho  w  n i  e  re  n  r y  i  s  a  I jso  r bed  so  m  u  ch  m  o  re  q  u  ie  k  1  y  t  h  a  n  a  u  y  o  f  t  he 
other  heavy  metals,  and  at  the  siune  time  it  may  account  in  part  for  its 
greater  corro.sive  action.  The  Qorrosion^a  due  to  sami;  pictrnt  tn^lie 
acid  csoDstituent  of  tlie  preparatioti.  but  tliis  is  not  greater  than  that  of 

equally  Bolnble  and  e^jnally  dis84X*iable  combination  of  the  acid  with 
^<mhother  metal.  The  tnereurial  ion  itself  is  also  corrosive,  and  its  de- 
structive action  is  the  more  powerful  because*  tbi^  precipitate  formed  with 
prot-eids  is  less  insoluble  in  the  surrounding  fluids  of  the  IkkIv  and  is 
therefore  more  floeculeut  and  atfords  less  protection  to  the  iiiirtace, 
than  those  formed  by  tlic  other  hcjivy  metals.  The  mercurial  actiun  is 
consequently  not  limited  to  the  surface  of  a  tissue  but  extends  into  the 
deep<:*r  cells.  The  highly  c^jimsivft  a<^tiau  of  tha  ro«»rcur)r  jna  has  l>ecn 
ascribed  Jojl^  irn^ni  fifflntty  f<yr  ihe  i^gHdn-conjjjOunds^wlneh  are  con- 
tauKHTTiriTie  all)umin  molecule.  JjielxTmann  has  also  shovsn  that  it 
lm£a3>ecial_affiijltWor Ji^  and  it  is  ptw^sible  tbnt  this  may 

play  an  im|>ortant  role  both  in  tlie  absorj)tion  and  in  the  slow  excretion 
uf  tlie  metal. 

The  albtiminate  is  formed  rn]mllv  when  such  stduble  salts  as  the 
pereliloride  eome  in  contact  with  the  tisi?ueS|  and  the  local  currosiou  is 
greater  and  the  absorption  more  rapid  than  w  hen  an  insoluble  sidt  is 
ingested,  A  gtxxl  deal  of  dispute  has  arisen  as  to  the  absi»rptiun  of  tlie 
insoluble  salts  of  mercury^  and  it  is  frequently  stated  that  calomel  i« 
first  changed  to  the  |>ereliloride  by  the  action  of  the  hydrijchloric  acid 
of  the  stomach  and  by  the  chlorides  of  the  tissues,  and  that  only  then 
is  the  idbuminate  formed.  There  is,  however,  no  suflicient  evidence 
that  the  jjcrchloride  is  formal  from  the  chloride,  and  such  a  change  is 
not  necessary  to  explain  il.*i  absorption^  tur  the  pri^teids  of  the  tishUes 
can  act  on  calumel  as  such,  and,  forming  the  soluble  all>uminate,  allow 
it  to  be  absorbiM:!,  It  has  been  assert wl  of  late  that  when  calomel  is 
injected  hypotlcrmieally,  the  leucocytes  take  it  up  and  carry  it  oft*  as 
they  do  any  other  foreign  insoluble  btnly,  and  it  is  quite  {>ossible  that 
they  may  take  it  u]i  in  the  same  way  fnwn  the  alimentary  canal.  At 
the  same  time  the  quantity  of  calomel  which  ct>mes  into  intimate  eon- 
tact  with  the  t issuers  is  much  smaller  than  in  the  ea^e  of  the  soluble 
j>erchloride,  and  a  smaller  pn>p>rtic>n  of  calomel  is  absorlied  therefiire. 
In  the  same  way  other  insoluble  preparations  of  mercury  are  absorbed 
in  tJie  form  of  albuminati^s,  and  even  the  metal  may  be  oxidiwd  and 
abs4>rljed  when  it  is  applietl  to  the  living  surfaces  or  injeete<l  into  the 
blood  in  a  state  of  fine  division.  Thus  the  [i^ialatinn  r***  m^r^*"**y  vaj^*^ 
by  the  lungs  It^ids  togenei^il  poi.sopjng.  often  of  a  very  malignant  type, 
and  luercary  rublHrd  into  very  fine  globules,  and  applied  in  ointment 
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In  acute  fever  antimony  was  fonnerly  largely  used  as 
especially  when  delirium  wa.s  a  marked  feature.  The  obj 
a  mild  collapse,  but  the  treatment  has  been  entirely  a 
authorities,  and  i)robably  did  more  hanii  than  good, 
mouia  was  almost  univei'sally  treated  by  tartar  emetic  a 
attempt  has  recently  been  made  to  revive  this  treatmen 
cess. 

Antimony  lias  been  advised  instead  of  arsenic  in  the  inl 
skin  disease,  but  it  is  impossible  to  fctate  at  present  how 
replacing  the  more  widely  used  drug. 

In  all  ca.»^es  in  which  there  is  marked  dei>ression  or  v 
the  stomach  or  bowel  is  disordered,  or  in  which  the  circr 
preparations  of  antimony  are  contraindicated. 

1  artar  emetic  was  formerly  used  in  ointment  (one  pr 
irritant,  but  its  continued  api)lication  has  led  in  seven- 
cutaneous  abscess,  and  sometimes  to  necrosis  of  boi 
emetic  ointment  has  i)assed  into  desuetude. 

In  erases  of  Antimonial  Poisoning,  emetics  ai 
the  stomach  may  be  washed  out  by  means  « 
vomiting  is  not  present,  and  a  purge  may  be  p 
in  the  l)owel.     Tannic  acid  is  used  to  prec'i 
stomach,  and  the  tannate  formed  must  be  w 
nic  acid  which  is  usually  available  in  emer 
is  also  useful  as  a  stimulant  for  the  collar 
be  used  to  precipitate  the  antimony  instr 
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vary  greatly  in  form,  consistiug  of  small  reddish  ^pots,  large  red 
thematous  surfaces,  urticaria,  or  eczema,  each  of  these  <xieurring 
ur  iu  succession,  aud  being  usually  followed  by  de:«quamation. 
eruptiou  general ly  lasts  only  1—3  weeks,  but  in  some  cajses  has  n( 
tirely  disappc^ared  until  three  mouths  after  its  first  appeanuice,  ai 
others  has  i-ctnrned  repeiitedly  afterwards.     It  is  said  to  have 
induced  occasionally  by  a  single  dose  of  calomel. 

The  urnig  is  pJlA^^Qiiicwhat  inereaHe^l.  but  may  bcLjiecrj 
wartls,  and  it  iii^linfrec) 1 1 eu 1 1  y  co ntiu \\^ii\\t\i rnin ^  altliough  the  pn>p< 
of  cases  in  which  this  occurs  is  much  disputed,  and  the  amount  iu  the 
is  generally  very  small.     Glycosuria  h  much  rarer  in  man,  but  has 
frequently  observed  in  rabbits  after  prolonged  treatment  with  mei 

It  is  still  a  matter  of  doubt  how  far  the  sexual  organs  are  inv*o] 
in  mercury  poisoning.     According  to  some  authorities  disturban< 
the  menstruation  and  even  complete  araenorrhoea  liave  been  ol 
and  abortion  is  also  stated  to  have  been  caused  by  it, 

A  general  condition  of  cndiexia  mtiy  be  induced  by  the  presence  of 
these  disorders,  and  is  marked  l>y  ] sailor,  anaemia,  emaciation,  wmk- 
ness  and  restlessness,  with  a  tendency  to  fainting  and  disturbed  sleepb 
The  pulse  is  small,  weak  and  quick,  sometimes  irregular,  and  the  pa- 
tient often  complains  of  breathlessness. 

Affections  of  the  cmtral  n*'ri'f}ttA  n^.<ttj>m  are  rarely  J  nij^^etj  now  by 
the  abuse  of  mercury  in  thempeutic^,  but  are  mentioned  by  some  of 
the  earlier  WTiters,  and  still  occur  iu  the  case  of  w^orkers  in  mercniT 
mine>,  in  mirmr,  barometer  and  thermometer  factories,  and  in  other 
manufactories  in  which  raereory  is  used  and  its  fumes  are  inhaled  by 
the  workmen  for  prolonged  periods.     One  of  these  affectioDS  is  the 
mercurial  cscdLiM^f  a  condition   of  ahiignnaLirritability,  timidity  or 
shyness,  aecompanied    by  great  muscular    weakness,    and    sometini® 
developing  into  sleeplessness,  delirium  and  transitory   hallueirmtioM. 
Another  well-known  form  is  the  mercurial  tremor ,  wdiich  affect*  the 
hands  and  arms  first,  later  the  legs,  and  sometimes  exteuds  over  all  tk 
muscles  of  the  body.     Shooting  pains  along  the  nerves  or  in  tht*  joints 
iire  sometimes  complained  of,  circumscribed  areas  of  partial  anaesllie- 
sia,  amblyopia,  anosmia  or  deafness  have  been  described,  and  in  eoofi 
(sases  localizAxi  panilysis  of  the  muscles  of  the  arm  or  leg  have  been 
induced.     These  last  differ  from  the  paralysis  of  lead  or  arsenic  poi- 
soning in  the  fact  that  no  wasting  of  the  muscles  is  observed,  and  the 
electrical  reaction  remains  normal.     According  to  Ijctulle  they  are  doe 
to  tlie  destruction  of  the  myeline  sheath  of  the  peripheral  nerves,  tbe 
axis  cylinder  remaining  intact. 

The  symptoms  of  mercurial  poisoniDg,  both  acute  and  ehfooic,iB 
ttHtmala^  resemble  those  in  man  so  closely  that  it  is  unnecessary  to  J^ 
«cribo  thejii  further. 

Action  —  Lover  Fomis  of  Life,  —  The  action  of  mercury  on  protaA 
f*xtt*nds  to  all  tbrms  of  living  tnatter.  AVbegexcil-tb^  metal  cfutus  inti^ 
IttUnmtt^  Ci>ntaet  with  albmnins.  it  fnms  the  nlbnnnjpat/^  nnt\  tfistrois 
Jlfb>     This  jKHsonous  action  is  naturally  much  more  evident  whca fiolu* 
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it  in  suse^tible  persons,  becau^  the  mercury  is  only  slowly  absorbed, 

and  passes  inUi  the  tissues  as  gradually  as  if  it  were  given  by  the  tmiuih 

regularly  for  several  days.     Tbits  ehrouic  poisJ^oning  or  MercnriaJigm  is 

H due,  not  to  the  Ifx^^iil  action^  but  to  tiift-pffl>fU  <^f  thi*  Amg  ftftnr^^^^'^^' 

»    tioii.     It  is  much  more  liable  to  occur  in  certain  people  than  in  otbei^, 

but  may  follow  the  abuse*  of  mercury  in  any  case^  and  the  cause  of  the 

-abnormal  suseeptibility  to  mercury  is  unknown.      When  mercurial  ism . 

Ibegins  to  be   maui felted,  the  drug  ought  to  be  stopped,  or  the  di»8e^ 

lueh   reduced,  uutil   the  symptoms  disappear.      Formerly  it  was  he- 

that  the  earlier  symptoms  of  mercurial  poisoning  had  to  be  in- 

in  the  cure  of  syphilis,  but  iu  mothTu  tlierajx^ntic^  every  effort 

19  made  to  avoid  tliem.     The  first  symptoms  genendly  arise  from  tfie 

1^  moiUh  and  thruaf,  the  patient  eompluining  of  a  ujetallie  taste,  and  of  a 

feeling  of  numtness  or  soretiess  of  the  tongue  and  gums.     Tlie^l 

lias  an  unpleasant  foetjiLyih*'*!  the  tongue  is  swollen  and  tliiekly  coated, 

the  gums  are  soft,  svvollen  and  often  of  a   dark   bluish-red  or  gray 

•oolor  and    the   flow   of  saliva   is   augmented.      If   the  niediciition    Ije 
Ikintitiued  as   was   often   done   formerly,   ulcers  appear  on   the  gums 
and  on  the  sides  of  the  tongue  where  it  comes  in  contact  with  the 
teeth,  e9^>ecially  if  these  are  airious,  and  on  the  mucous  membmne  <^f 
the  cheeks  ;  the  salivation  inereiiscs  autl  irritates  the  lips  and   the  skin 
where  it  is  exposed  to  the  secretion.      If  the  administration  of  mercury 
^_  be  still  i^ersisted  iu,  the  teeth  l.jecome  Irxise  and  fall  out,  gangrene  uf  the 
^■gumsy  Iiji8  and  thn^at,  and  uecmsis  of  part  or  even  of  the  whole  jaw 
^■pugr  follow,  and  may  prove  fatal  by  exhaustion  and  inaniti(m  due  ta. 
^^Utal  difficulty  in  swallowing  and  to  the  e<iniplete  abeence  of  desire  for* 
feod.     Tlie  milder  forms  of  stomatitis  and  salivation  are  observed  in  a 
brge  projjortion  of  cases  of  syphilis  treated  with  merctiry,  acci>rdiug 
to  mn\e  authors  in  30  per  cent,  or  more.     It  may  be  avoidtnl,  to  some 
txleat,  at  least,  by  scrupulous  cleanliness  of  the  mouth  and  teeth,  by 
the  filling  of  (various  teeth,  and  by  using  a  2-4  p-r  cent,  solution  of 
ehlimite  of  potash  as  a  month  wash. 

The  siomtirh  and  infcj-tijne  also  suffer  in  chronic  mercury  poisoning. 
The  patient  oficu  compliiins  of  loss  of  a|)petit*\  and  ocrasionally  tif  a 
fittliug  of  weight  and  discomforHn  the  stoimich^  nausea  and  v- 

lerul  weakness  and  loss  of  flesh.  Colieand  diarrhtiea  are  f n  ^ 
^obfiervedy  or  ciii^rrhani_amLc^"*^^tpttii>tLj2*J^  nU^mnft^  These  symp- 
are  natundly  mure  liable  to  occur  from  the  administration  of 
iry  by  the  m*»uth  than  by  oth*  r  eliaunels,  as  here  the  action  after 
abiorption  is  reinforced  by  the  direct  local  etrects.  Some^ftver  is 
sometimes  note*!,  but  this  is  secondary  to  the  aflet^tion  of  the  mouthy 
bowel  or  skin,  and  is  not  directly  attribut^ible  to  the  mercury. 

Oocasionally  jfkiit^  rniittHmn  are  Sivn  when  menniry  is  givt*n  by  tho 
mouth,  but  much  more  frequently  when  it  is  applied  t4*  the  skin.  In 
the  latter  aim'  thry  nre  not  limitinl  to  the  |H>int  of  application,  although 
tlicy  often  begin  from  it  and  spread  over  a  large  surface  of  the  1mm ly. 
hey  an?  said  to  occur  often  without  any  other  symptom  of  poisoning, 
•xoept  the  fever  and  diaoomfort  which  tlicy  inducH^  themselves,  Th<^y 
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apparatus,  tor  it  oft«:n  appears  bei^ire  any  other  symptom  and  is  oer- 
tainly  not  the  reflex  effect  of  the  irritation  of  the  mouth*  The  sahvi 
IB  Bometinies  ex(!retcd  in  enormou&j  amounts,  many  litre:*  of  it  being 
jx>ure<J  (Hit  in  tlie  course  of  t wen ty-fo u r  ht»Ti rs.  It  vo ntams_merr u ry ^ 
and  has  therefore  a  metallic  taste,  and  tendgtojrritatg^lTie  lijjg^  and 
skin  whei*e  it  comes  in  contact  with  them.  In  extn^me  crises  it  louls 
to  sleeplcssncBH  from  its  aeeumulating  in  tlie  back  of  the  throat  aod 
awakening  the  patient  with  a  feeling  of  «uff(>cation.  The  stomati- 
iis^is  likevvi^*  due  to  the  excretion  of  mercury  by  the  salii:^  andby 
tbcM>ther  mutxjug  secn^tions  of  the  mouth  and  throat.  The  irritation 
causetl  by  the  metal  leads  to  excoriations^,  and  these  to  the  formation 
of  ulcei's,  pardcularly  whei*e  mic relies  are  pn.^seut  in  large  numbers,  a§ 
around  carious  teeth.  The  necrosis  of  the  jaws  is  due  to  these  ulcerif 
penetrating  to  the  bine  and  setting  up  periostitis,  for  mercury  in  itseljf 
bas  no  8|K^cific  action  on  the  bone  such  as  has  been  mentioned  und^r 
phosphorus. 

Mercury  has  less  direct  effect  on  the  Stomacht  though  congestion  and 
even  small  haemorrhages  in  cases  of  poisoning  indicate  that  it  is  not 
entirely  immune;  the  loss  of  apjM?tite  and  malnutrition  in  chronic 
|ioisoning  arc  ascribed  to  the  presence  of  mercury  in  the  saliva  rather 
than  to  its  affwstiug  the  gastric  functions  directly.  In  the  Intestine,  on 
the  other  hand,  mercury  is  apparently  excreted  in  large  amount,  and 
induces  very  distinct  lesions.  The  parts  affected  are  the  ca?cum  and 
CHilon,  while  the  small  intestine  very  often  escapt^  almost  entirely. 
The  action  of  mercury  is  evidenced  by  hyjienirmia,  redness  and  Bwell- 
iug  of  the  raucous  memlirane,  which  later  develop  into  necrotic  sur* 
faces  and  ulcers  along  the  fultls  ;  these  lend  it  au  apj>eanince  almost 
indistinguishable  from  that  of  chronic  dysentery  and  may  eventually 
end  in  perforation.  The  symptoms  from  the  intestine  are  in  accord- 
ance  with  the  lesions,  luuststing  in  tjonstant  pui^ing  with  very  fluid, 
sometimes  rice-water  stouls,  intense  pain  and  tenesmus,  blootl  and  frag- 
ments of  mucous  membrane  in  the  ia?ces* 

Small  dosea  of  mercurials  given  by  the  mouth  aft  s^  Pnrg^g^  causing 
soft  stixils  genera  1  h"  w i tl K>iit"pain  oiLstj^iniry-  The  ins^nluble  prepa- 
rations are  used  lur  tTns  purpose,  a^they  act  least  on  the  stomacli,  and 
the  mercurial  purges  par  excellence  are  ffllomel  antl  the  metallic  prcp- 
arations  — -  blue  pill  and  grav  ix>wder.  This  eifect  is  apparently  due  to 
their  acting  as  intestinal  irritants  from  their  specific  action  on  the  in- 
testine. They  apparently  do  not  remain  long  enough  in  the  stomach 
to  be  dissolvc*d,  and  besides  seem  to  have  les4^  tendency  fo  induct*  irri- 
tation here.  In  the  intestine,  on  the  otfier  hand,  their  longer  sc»journ 
and  spc»cial  affinity  for  tJie  epithelium,  leads  to  their  partial  solutioo 
and  to  their  irritant  action  being  developed.  A  small  pn>jHirtion  of 
these  insoluble  preparations  is  absorljcd  from  the  intestine,  but  tlie 
great  mass  is  thrown  out  unchanged  in  the  stools,  and  thus  very  large 
doses  of  calomel  sometimes  induce  no  serious  symptoms.  Mercury  acts 
in  the  intestine  even  when  the  bile  is  suppressed,  and  the  stools  are 
often  of  a  greenish  color,  which  has  been  ascribed  to  a  metallic  com- 
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f  pound  fonned  in  the  bowel,  but  which  is  really  due  to  bile  pigment. 
This  is  urdinarily  decomposed  by  the  micrnbes  in  the  intestine  with 
the  formation  of  the  faEJcal  pigment,  but  mercury  from  its  antideptio 
properties  prevents  the  growtfi  of  the  micn:»bes,  and  the  bile  therefore 
appears  in  the  stools  ondecompo^ed  and  possessed  of  its  ordinary 
c«dor.  g 

The  mercurial  purges,  and  iu  particular  cah^mel,  have  ot'ten  beett^H 
credited  \vith  increasing  the  seeretiou  of  the  Bile,  but  this*  has  beeil^^ 
shown  to  l>e  incorrect,  for  Stadelmaun  {m  animals)  and  Ptaff  (in  man) 
found  that  the  mercurial  preparations  hat!  no  etifeet  on  tlie  secretion 
4^caping  from  a  biliary  fistula.  Tlic  belief  prolmbly  aro^e  from  the 
green  ojlor  of  the  st«x>l«s,  but  this^  as  alrratly  mentione<l,  is  jjuet^nol  to 
the  increase  oil tlicJidj.\j2iit  to  its  beifif^  prr^-rvcd  from  putrefagtioQ 
in  the  iptegtine^  There  is,  in  fact^  no  sufficient  experimental  or  clini- 
call  evidence  that  the  liver  h  in  any  way  affecte^l  directly  by  mercury. 
The  **  biliousne?i8  "  which  is  «o  often  rt'lievixl  by  calonifl  or  l)hie  pill, 
U  due,  not  to  the  liver,  but  to  disorder  of  t lie  alimentary  tract. 

Mercury  ha!§  no  such  powerful  effect  ou  the  Unorganized  liTment^  of 
digestion  as  it  has  U|>nn  the  inicri>ljes,  for  tho»ij;h  large  amountH  of  the 
fNiluble  prejiaratioas  precipitate  the  pepsin  in  artificial  digt\stion  experi* 
ments,  smaller  quantities  have  little  such  effix't.  Calomel  has  no  netioit 
on  the  tligestive  ferments,  but  retards  the  putrefaction  in  the  intestine, 
and  thuis  limits  the  decom]>osition  of  the  fixMl,  Its  antiseptic  action 
is  aided  by  the  inci^eascKl  peristalnis  which  follows  its  use,  and  which 
removes  the  decomposing  mass  from  the  ctuiaL  In  fact,  the  lessened 
amount  of  double  sulphates  in  the  urine  which  tbllows  (lie  use  of 
calomel,  may  be  aaortbed  as  much  to  its  purgative,  as  to  its  antiseptic 
power. 

Another  orgjuj  which  is  powerfully  affected  by  mercury  is  the  Kid- 
ws^  A  qioderiite  dose  of  ^^>l^^nip!  iuduct^s  mark<;<Ljdiur!i:isis*  jiarticu* 
larly  in  coses  iu  which  there  is  a  large  acxjumulation  of  fluid  in  tlitt 
body,  as  in  dn>psy  fn>m  heart  disease.  In  other  forms  of  drt>poj|i| 
such  as  tTiat  arising  from  hepatic  eirrhosis,  or  from  renal  disease,  it  i§ 
less  reliable,  altliough  it  not  iutVrijrieiitly  increases  the  flow  of  urine  in 
these  cases  also.  When  purging  follows  the  administration  of  the 
mercurial,  Ic*hs  <liuretic  effect  is  obscrvinK 

In  normal  individuals  and  in  animals  the  diuretic  action  im  gener- 
ally much  weaker,  although  some  recent  work  has  ishown  that  it  ciui 
be  elicited  easily  in  rabbits  (Cohnstciu),  In  vif-w  of  the  fact  that 
menMirial  pn^pa rations  have  an  irritant  mlitju-uu  the  kidney,  it  would 
^aoem  that  the  increastHl  secretion  of  urine  indue***!  I>y  *uuotncl  ami  by 

er  mercurials  is  m*»sl  probably  to  lie  ascrilKMJ  to  a  iliri'ct  actiojLt>u 
the  cnit  helium. 

Fn  acute   mercurial    |ioisoning,  when   death  docs   not   follow  in  the 
course  of  a  few  hours,  anuria  is  often  obsiTVJKl  l>oth  in  man  and  animals. 
Tkitt  mirifi  k  ^Iiio  ti^  \\\v  rep  at  changffl,  which  are  ftntnd  to  Oi>nsist  in  J 
iiccroabj>fthcj*pi^b:fMiiiii  nf  ♦h"  tni^"!^  jm  ^y^^  p^inti  «*f  Qip  nt^rlv^^ 
i'he  whole  organ  la  congested  and  the  glomeruli  are  in  a  alatej 
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apparatus,  for  it  often  appears  before  any  other  svt: 
tainly  not  the  reflex  effect  of  the  irritation  of  the  i 
is  .sonu'tirnes  excreted  in  enormous  amounts,  mat 
poured  out  in  the  course  of  twenty-four  hours, 
and  has  therefonj  a  metallic  taste,  and  tends  ti- 
skin  where  it  comes  in  contact  with  them.      Ij 
to  slce])lessness  from  its  accumulating  in  tli* 
awakening  the   patient  with  a  feeling  of  - 
4i^is  li k(^ w ise  due  to  the  excretion  of  nij •  \ 
the  other  mutrous  secretions  of  the  mouth 


ill 


jP'  J- 


caused  Ijy  the  metal  leads  to  excoriation- 
of  ulcers,  particularly  where  micmbes  m 
around  carious  teeth.     The  necrosis  of 
penetrating  to  the  bone  and  setting  u] 
has  no  sjK'cific  action  ou  the  bone  sn 
])hosphorus. 

Mercury  has  less  direct  effect  on 
even  small  haemorrhages  in  case- 
entirely   immune;   the  loss  of  • 
lK)isoning  are  ascribeil  to  the  p» 
than  to  its  affecting  the  gastri*'  * 
the  other  liand,  mercury  is  jip* 
induces  very  distinct  lesion- 
cohm,  while  the  small  inte-' 
The  action  of  mercury  is  v\  • 
ing  of  the  mucous  meml»i- 
faces  and  ulcers  along  1 1 
indistinguishable  from   :  7 

end  in  jxirfonition.     T-.  ^  _. 

ance  with  the  lesion.*-.  -  :■ 

s<mietimes  rice-wati-r  •;• 
ments  of  mucous  n)e»  - 

Small  doses  of  n  "^.vl 

soil  stools  gener.:!^ 
rations  are  used  U- 
the  mercurial  | 
arations  — 1)1  m 
their  acting  :i- 
t est  inc.  The\ 
to  Ik»  dissolv- 
tat  ion  here, 
and  sjXHjinI 
and  to  thei. 
these  insol 
great  nja^- 
doses  of  <•; 
in  the  iuT* 
often  of  .: 


ft^^ 


Mjiientl,^^  ^  ' 
:  :n»m  alu-  *  ^^ 
.    prei^aratrS"  ^^'^■ 
:-::y  in  the  bS 
•.  -imin  or  c^-^^     ^ 
.iH'^zz  of  syphi    •^    ^  \ 
:  -.\i:-d  that  ihi-  ^  ^ 
2  -.r»-d  hypodei      ^  *  ^ 
:?  s:'>?utaneousK-^l— 
-*?  destruction 


•^-.  -iK  idea  that  mercC     - 
-■'-:•  1  of  the  calcium,  s-^  -** 

:  .1  :y  estimating  lh«« 
-  -r«  'int  with  that  of  iM 

•_:-  -rurlier  writere  men 
•  -JT"  !•  isoning.     No  arti 
r  jjij^'Aon  of  the  renal  dc:*, 
-2  *i.wn  to  he  incorre^*^ 
•-rrsitunited  with  lime  wl^ 

.z:j.:n!5  a  somewhat  smJ 
--■i'i  :r.  the  kidney  is  evi  - 
....::  in  necrosed  tissue  froX^ 
'^'I'lSn  not  so   rapidly  as  ixi 


^idenf  /- 


^Tjrrz-"'  "--v  direct 


_  jet  ion  on  the 

^""^TT'  <    :'  the  changes  in  tHcTpula^ 

.  ^.1 .  i  iii  Ci»llapsi*,  or  in  chronic 

,.    r-.  '  -^ -*  •-•  ''^'^^  ^^  ^"y  direct  effei'ts 

—r-:  ss^-^    -  iouiejjoisoning,  however, 

"*^  ^^  Ui  the  lieart.     In  the 

r^uken  the  heart,  and  mer- 

j^ .-    :  zsammals  have  been  found 

...:-c>5^?ure  and  paralysis  of  the 

iz.:z:a:5,  the  soluble  salts  reduct* 

•.r.  i:  ihe  end  a  very  sudden  de- 

*««  sir-.:   .-  —  ?^^  ^^  ^'^^  heart  muscle,  in 


CT^  Beflpiration  Is  al^^  only  atlectol  iiidirt-ctlv,  lu  chronic  mer- 
poLsoDiugCy  ipjtijifpd  hreaJLlik!>>jiJi<^?^s  h  sometimes  observed  and  has 
^  a6oril>ed  by  Kussraaul  to_the  general  musfuliir  weaknefis^ 
^^  Hf^tinn  "^'  Tiu^Ynry  ^m  the  Neryons  System^ is  very  obscure.  In 
)^  poisoning  the  intellect  often  reinahis  elear  to  the  end,  aod  no 
Fjitoms  pointing  to  any  direct  atfeetion  of  the  central  nervous 
tem  are  observetL  In  chronic  pi>i:^.<ming,  however,  tlie  higher  ceu- 
I  are  undonbtedly  involved  in  the  effects,  as  is  shown  by  the 
(hbni  and  occasional  hallucinations*  The  tremor  is  also  of  cerebral 
^*p  probably,  though  this  is  not  yet  certain,  and  the  general  muscular 
ikness  is  not  due  to  the  jwripheral  muscles  and  nerves  being  affected, 
\  to  the  alterations  in  the  centres.     As  regards  the  pa  ni  lysis  some  times 

CTed  in  the  arms  or  legs  in  workers  in  mercury,  Letulle  l>elieves  it  to 
used  by  the  poison  acting  on  the  [XTipheral  nerves  and  destroying 
.myeline  sheath.  The  areas  of  partial  amesthesia  and  the  |)ains  in 
%is  may  also  prove  to  be  due  to  periplieral  changes.  In  some  cases, 
Bcially  where  the  tremor  is  marked,  the  reflex  excitability  of  the 
eial  cord  hiis  been  found  to  be  exaggerated,  but  it  is  generally  unaf- 
led.  The  muscles  do  not  seem  to  be  acted  on  directly  in  either 
%e  or  clinmic  poisoning  in  man,  and  even  when  paralysis  is  de- 
Dped,  they  maiotain  tijeir  irritability  and  do  not  atrophy*  In  the 
g  mercury  weakens  the  muscles,  but  only  after  dt>ses  which  are  suf- 
Bot  to  imralyxt^  both  the  central  nervous  system  and  the  heart.  | 

ft.  good,  deal  of  interest  has  been  manifestetl  in  the  question  whether  . 

rcnry  affect^i  the  Nutrition  in  any  way  except  tlrrongh  its  action  on  j 

\  alimentary  canal.     Sevenil  authors  liave  stilted  that  the  urea  is  in-  i 

Ibsed  by  the  use  of  small  doses,  but  the  suVyect  is  a  very  difficult  I 

I  to  investigate,  for  when  any  save  tlie  smallest  doses  are  given,  the  - 

bey  and  bowel  are  involved  in  the  effects,  and  the  prolonged  use  of  ' 

rcary  is  restricted  to  experiments  on  aninuils  and  tm  syjihilitics, 
ere  seems,  however,  good  reason  to  believe  that  very  smal  1  doses  of 
rcury  given  for  some  time  increase  the  nutrition  and  weight  of  ani- 
ls. The  cachexia  of  chronic  poisr>oing  may  be  due  iu  part  to  a 
cific  action  on  the  metabolism,  but  it  is  impossible  to  determine 
ft  point,  because  the  alterations  in  the  alimentary  tract  are  in  them- 
res  sufficient  to  cause  such  symptoms.  Meyer  founil  that  mercury 
lened  to  some  extent  the  alkalinity  of  the  blood,  probal)ly  by  the 
inatioD  of  lactic  acid  in  excess, 

[Ganges  in  the  Blood  Corpuscles  have  been  observed  under  mercurial 
liment  in  a  number  of  instances,  but  there  is  as  yet  no  general 
eement  as  to  whcR^in  these  consist,  and  it  seems  not  unlikely  that 
I  blood  reaction  in  health  is  diflerent  from  that  in  syphilis  and  that 
nay  vary  iu  the  successive  stages  of  the  dise^ise.     In  health  the  red 

ties  and  the  haemoglobin  are  said  to  be  augmented  at  first  but 
rds  diminished,  while  in  syphilis  a  sharp  fall  in  the  amount  of 
pioglobin  is  succeeded  by  an  increase  tti  beyond  that  present  before 
\  tr^tment.  Kuperwasser  states  that  in  healthy  persons  mercury 
the  number  of  newly  formed  leucocytes  but  that  this  is  more 
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than  counterbatanwd  by  the  fall  in  the  older  cellg;  in  syphilifi  he 
fouod  fewer  recently  formed  leucooytes  and  more  mature  ones  after 
mercury/ 

Mercury  haa  no  effect  on  the  T?lllPftrat?^^**  in  '^g^l^,  but  wheti  fttf>- 
m^tift  or  skin  eruptiom^  are  developed,  gome  fever  generally  accom- 
panies them,  while  in  collapse  the  temperature  may  fall  several  degrees 
below  the  normaL 

Distribation.  — After  its  Brolopged  use  mercury  is  found  in  almq^^f 
£y^T  *l£g^t^  **f  thcjxtd\%  butlarg^  quantities^re  found  ip^the^THS^B 
and  liver  tfian  eJsewSere^  and  it  seems  to  be  stQgsdJn  tliese  orgaPB 
^onperthan  in  an}"  other.  In  cases  of  acute  pois^ming  through  ab- 
sorj>tion  from  the  'suficutaneous  tissue  or  from  wounded  surface,  the 
diet ribot ion  is  the  game.  The  ^statement  that  mercury  is  i^torcd  up  in 
large  quantities  in  the  bones  has  not  been  confirmed  by  the  more  re- 
cent investigators,  but  traces  are  found  here,  as  in  the  muscles,  braio, 
lungs,  intestine  and  sjdeen. 

^l«,'rcury  is^ffliminated  by  almost  all  the  excretory  organs^  butjoogt 
largely  by  the  intestinejinJ  kidney]  It  has  l>een  found  iiTsmall  quao* 
titles  in  the  perspiration,  milk,  saliva,  gastric  Juice  and  bjle^  and  hai? 
been  shown  to  pass  to  the  fo?tns  in  utero  through  the  placental  circu- 
lation. The  excretion  begins  within  one  or  two  days  after  absorption, 
but  is  very  slow  and  irregular.  Mercury  lias  certainly  lieen  found  in 
the  urine  six  montlis  after  its  administration  liad  bet^n  slopped,  and 
some  authors  state  that  it  may  be  detected  in  it  for  years  afterwards. 
It  is  open  to  quest itai^  however,  wdietlier  these  hist  cases  of  very  pro- 
longed excretiVm  are  not  to  be  explained  by  the  patients  having  been 
exposec!  to  tlie  fumes  of  mercury  in  the  iiiterini.  At  the  same  time  it 
is  not  impossible  that  pockets  of  mercury  may  be  enc^psulcd  in  the 
tissues  when  the  insoluble  preparations  are  injected,  exactly  as  a  lead 
bullet  may  be,  and  that  after  a  long  time  some  irritation  such  as  a  blow 
may  again  liberate  it  and  |>ermit  of  its  excretion.  The  elimination 
is  said  to  last  longer  when  the  mercur)'  is  rubbed  into  tlie  skin  than 
when  it  is  given  by  the  mtnith,  or  when  soluble  preparations  are  in- 
jected hypixlcrmically.  This  is  explained  by  the  drug  passing  more 
slowly  through  the  skin,  which  continues  to  contain  some  of  it  long 
after  the  inunction  treatment  has  ceased.  Mercury  often  disap|>oars 
from  the  urine  fi>r  several  days  or  even  weeks  at  a  time,  and  then  re- 
turns again.  Tt  is  said  that  more  mercury  is  found  in  the  urine  after 
its  hyixulermic  injection  than  after  inunction,  but  even  in  the  most 
favorable  circumstances  only  a  small  pro|>(>rtiou  of  that  absorbed  is 
excreted  l>y  the  kidneys.  In  the  urine  the  mercury  jirobably  exi.<itfi 
for  the  most  part  in  the  form  of  a  s^dtj,  although  some  of  it  may  be 
in  organic  combination. 


^  Many  of  the  lesions  of  acute  merciirv  poiaoninj?'  hare  1>een  stated  hy  Kaafmanti  to 
be  due  to  the  formation  of  eapilbry  cnibuli  in  the  Itidney  and  intestine.  This  ejr(>l«> 
nation  hns  been  cunttsted  hy  several  muhors,  uiid  seems  to  ix>  no  more  firmly  esUb* 
Ibhtnl  than  the  jtiniilar  titatement  regard  I  ng  the  effects  of  phosphorus  and  an^nia 
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lercuiy  farms  very  poisotioas  compounds  with  methyl  aud  ethyl,  which 
I  apparently  very  slowly  decompost'cl  in  the  orgiiiiisni  to  ordinary  forms^ 
Qti  which   have  ^iveii   rise  to  fatal  poisoning  iji  two  cases,  the  symptoms 
ting  their  appearance  oaly  long  after  the  iugeation.* 

nier&peutic  Uses.  —  Tlio  diief  purpose  for  which  mercury  is  used  in- 
lly,  is  the  irgatiiient  of  SypMliB.     Its  curative  effects  in  this  dig- 
can  be  explained  at  j)Fescnt  ooly  by  fiupjiosing  that  it  develops  a 
fie   destructive  actinu  ou   the  syphilitic   virus.-     Its   virtues  are 
tested  by  the  great  majority  of  the   medical   profession,  hut  a  eom- 
tively  small   minority   ^^till   opjMJsc   iti  use,  and  some  have  even 
©a  far  as  to  assert  that  instead  of  curing  syphilis  it  promotes  the 
elopracot  of  tertiary  sym|>foms.     Less  extreme  oppoueuts  of  the 
ercurial   treatment  hold   that,  while  the  secondary  symptoms  cer- 
Inly  disappear  under  it,  they  are  only  rondored   latent,  and  reap j) ear 
coun^  of   time,   whercLLs   without    mercury   they   would   liave  run 
ir  course  in  the  first  instance  and  disappeared.     There  is  no  ques- 
that  a  certain  pro|K)rtion  of  e^ses  of  sypliilis  recover  without  the 
of  mercury,  and  iiideetl  without  the   use  of  any  drug*     In  many 
of  these,  however,  the  course  of  the  disease  can  l>e  shortened  hy  mer- 
iry,  and  in  many  others,  in  which  the  symptoms  show  no  signs  of 
Aing  uniler  hygienic  measures,  raercury  causes  a  rapid  and  [perma- 
nent improvement.     A  certain  numl>er  of  relapses  undouhtedly  occur 
jifter  the  meretirial  treatment  has  heen   left  off,  l>ut  it  seems  prohahle 
that  many  of  these  would  not  have  had  even  temporary  relief  without 
mercury.      As  to  the  old  argument  that  teitiarv  syjihilis  is  causetl  by 
the  use  of  mercury  in  the  earlier  stages,  it  has  been  shown  that  tertiary 
syphilis  occurs  without  tnereury,  and  that  the  lesions  caused  in  it  are 
entirely  difterent  from  those  induced  by  this  metal.     The  opponents  of 
mercurial  treatment  freipiently  assume  that  it  is  necessarily  followed 
by  cachexia  and  by  all  tlie  lasting  disorders  w-hicli   its  abuse  leads  to. 
^t  the  present  tijpe^  however,  mercuj'yjs  administered  in  small  quan- 
titf^j  and  syphilr>!o^i*^ts  ai'c   agreed  that  it  fought  nottoJieji)lnvvHfI  to 
iodtice  any  but  the  earliest  sytixptani^of  ehronic  ^loisonijg.     To  sng^j- 


inijrize  ti)e  view  held  by  the  great  majority  of_aiitharttic.Cit  may  be 
•ntd   that  mereuQLjZIitf  l>pnpfit  jn   n  v^r^arge  prot>ortiQiuu£^cajie3. 


^ptlthough  it  is  noi  essential  to  the  treatment  of  some  faj;oraJjle_onj 
~  and  tliat  itj^  rpiphlp  tn  arrest  the   progress  of  the  disease  in  a  c^rhnii 
1       proportion  of  malignant  forms. 

A  question  that  U  still  debated,  and  which,  like  the  other  matters  of 

tloubt  concerning  the  mercurial  treatment  of  syphilis,  has  given  rise  to 

^n  overwhelming  literature^  is  whether  mercury  ought  to  be  exhibited 

I      IIS  soon  as  the  diagnosis  of  primary   syphilis   is  matle,  or  whether  the 

I       advent  ol  the  secondary  stage  is  fcj  be  awaited.     Practice  differs  in  this 

respect,  but  probably  the  majority  of  physicians  do  not  prescribe  mer- 

Ljniry  until  some  secondary  symptom   makes  its  appearance,  and  then 

|continue  its  administration  until  the  disease  disappears,  or  until  sali- 

Hfpp,  Arch.  t.  exp.  Path.  u.  Phann.j  xxlii*,  p.  91. 
•There  is  some  evidence  tliat  the  juhniniHlration  of  mercury  to  animals  slight ly  in- 
cresu^^  tbeir  resiatanoe  to  subsequeat  infection  with  anthrax  for  some  time  ( Cmh ). 
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vation  or  stomatitis  warns  against  its  further  use.     Some  authonV/e^ 
recommend  that  mercury  be  continued  for  months  after  the  seconddrjr 
symptoms  have  been  relieved,  in  order  to  prevent  relapse,  but  this  is 
less  rigidly  carried  out  now  than  in  the  earlier  decades  of  last  centurr. 
In  tertiary  syphilis  mercury  is  generally  considered  inferior  to  the 
iodides,  but  when  the  disease  attacks  any  important  organ,  such  as  the 
brain  or  eye,  mercury  is  more  reliable,  or  both  mercury  and  iodide  may 
be  prescribed  together.     In  hereditary  syphilis  mercury  is  much  more 
efficient  than  iodides. 

Mercury  has  been  used  in  syphilis  in  a  large  number  of  forms,  and 
of  late  years  new  preparations  and  new  methods  of  administntioD 
have  succeeded  each  other  so  rapidly  'that  it  is  impossible  to  discufis 

/,  them  all.     ^Qriner^y  Tn^r^iiiy  waft  ^ivi^n  fey  fJip.  ff^f^  or  bv  inuDctioD. 
and  apart  from  the  special  clinics  and  the  syphilologists,  the  interaal 
treatment  is  still  the  most  popular  one.     The  preparations  generally 
used  for  internal  administration  are  mrr^sivQ  R\ibb'|[pfttPj  ftqlpmelr-ctt 
t|ipjj]Pfrflllin  preparations  —  bluj  pill  and  gray  powder  —  the  last  being 
used  most  widely  in  England.     Calomel  and  the  metallic  preparations 
are,  however,  very  liable  to  induce  diarrhoea,  from  their  being  insoluble 
and  thus  passing  into  the  intestine  before  being  absorbed,  and  opium 
is  therefore  often  prescribed  along  with  them.    Calomel  is  also  credited 
with  causing  salivation  and  stomatitis  more  readily  than  the  otiier 
preparations,  perhaps  because  it  is  more  difficult  to  gauge  how  much 
of  it  is  absorbed  than  in  the  case  of  the  soluble  perchloride.    Moxajiy 
fldminist<>rftd  by  th^  m^"th  is  in  all  cases  more  liable  to  derange  the 
digestion  than  when  administered  by  other  channels.     Accordingly, 

1%  mm^igji  was  introducedTo  av6lihthe  disturbance  of  the  stomach  and 
intStine  caused  by  the  local  action  of  the  mercury,  while  that  due  to 
its  excretion  along  the  alimentary  tract  remained  unchanged.  By  this 
method  the  mercury  is  rubbed  into  the  skin  in  thp.  form  of  pj^ntment ; 
that  most  frequently  used  consists  of  metallic  mercury  suspended  in  a 
state  of  fine  division  in  lard,  but  others  have  been  suggested,  such  as 
the  oleate  of  mercury,  the  ointment  of  the  yellow  oxide,  and  mercury 
soaps.  The  first  is  less  irritant,  however,  and  has  entirely  supplanted 
the  others,  which  never  enjoyed  a  very  wide  popularity.  The  action 
of  mercury  is  somewhat  more  slowly  elicited  by  this  method  than  when 
it  is  administered  internally,  but  lasts  longer,  and  the  digestion  is  less 
liable  to  be  disturbed.  The  mercury  is  absorbed  in  the  form  of  a 
proteid  combination  from  the  gland  ducts,  and  probably  a  small  quan- 
tity is  inhaled  by  the  lungs  as  vapor.  The  objection  to  the  method  is 
that  it  is  inconvenient  and  uncleanly,  and  that  it  is  even  less  possible 
to  estimate  the  amount  of  mercury  actually  absorbed  than  when  it  is 
given  by  the  mouth.  One  case  of  fatal  poisoning  has  been  recorded 
from  the  ointment  being  applied  to  sore  hands.  Instead  of  mercury 
ointment  being  rubl>ed  into  the  skin,  one  of  the  plasters  or  lint  con- 
taining mercurial  ointment  (Weylander)  may  be  applied  to  it,  permit- 
ting of  the  continuous  absorption  of  small  quantities  by  the  skin  and 
by  inhalation  of  the  vajwr. 
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X      ^^  1867,  Le^vin  introduced  a  new  mi^thod,  the  /ufpodennie  injtclwn 
0"  a  dilute  solution   of  corrosive  suUHniate,  antl  this  has  Ix^en  very 
widely  prjicf ised  of  late  year^,  and  witli  great  success.     The  advantages 
of  the  method  are  the  avoidariee  of  digestive  disturbance,  which  \» 
shared  by  the  inunelion  methinl,  its  cleanliness,  the  more  accurate  esti- 
faation  of  the  amount  of  nierciiry  actually  a(hninistered,  and  the  greater 
rapidity  of  action.     Its  diicf  disniKant^ifj^c  is  lhf>  puin  rjiogi^d^hy  the 
uiiMum,  which    has  to  he  repeated  daily  ;    some  inflammation  and 
swelling  fi»Ilow  iramc^diately,  but  im  suppuration,  when  ordinary  care 
is  tiken  ;  Ijut  the  pain  is  very  intense  and  |jersistent  and  many  patients 
rt'fttse  to  ajutiuue  the  treatment.     Salivation   is  Nitd    to  follow  this 
metliorj  more  seldt»m  than  any  other,  and  relief  from   the  secondary 
syphilitic  symptoms  is  gained  sooner.     Lewin  continues  to  use  the  jmt- 
tihloridc  solution  and   prefers  it  to  any  of  the  modifications;  others 
have  added  morphine,  or,  more  recently,  eoeaiue,  in  onler  to  lessen  the 
pain,  but  this  is  to  be  deprecated  fnuu  tlie  danger  of  the  habit  being 
formed.     The  addition  of  chloride  of  .nxlinm  tends  to  prevent  the  pre- 
cipitation of  prot^'ids  by  the  perehlori<le,  and  a  solution  of  perehloride 
of  mercury,  with  ten  times  hs   weiglit  nf  comnicin  salt  or  of  urea  has 
tljeretbre  been  advtx^ated,  while  others  have  used  the  p<*])tonate  or  the 
albuminate  of  mercury  dissolvtsl  in  salt  sobitiou.    Mercury  has  a  strong 
affinity  for  the  aniido-group,  and  iu  conil^iuation  with  it  has  little  ten- 
dency to  precipitate  proteids,  and  tliis  lias  led  to  tlie  nst»  of  pre|)anitionii 
of  mercury  with  the  amid<j-acids,  such  as  glycocoll^  fi>nnamide  or  sue- 
einimide*      Many  of  these  methods  are  said  to  lessen  the  jiain  of  liy|Hi- 
dermic  injection,  but  do  not  i*emove  it  entirely,  prt^baldy  bc*causc  the 
various  oompimnds  undergo  some  dissociation  in  the  tissues,  and  the 
free  mercury  ion  causes  the  same  irritation  as  if  the  perchloride  had 
been  injected. 

Insteail  of  the  solulde  prcfKiratious  of  mercury,  which  necessitate 
the  painful  injections  l>eing  re[M»ated  daily,  in-Hoinbie  ttriltji  have  l>een 
injeett-Kl,  with  the  idea  that  these  Iniing  slowly  dissolved  and  absorbed 
from  the  seat  of  injection,  a  <ptantity  sufficient  for  several  days  may 
thus  be  given  at  one  time.  lusteatl  of  injecting  these  insf^luble  prep- 
srations  hyj>odermicidIy,  tliey  are  often  thrown  into  the  muscular  tissue, 
Aocording  to  the  advoc^ites  of  this  method,  it  causes  less  immediate  pjiin 
than  jRTchloriile  injections,  but,  as  solution  takes  place,  and  the  luer* 
cury  attacks  the  tissues,  the  part  l)ea3raes  extremely  pjiinful,  swollen, 
and  inflamed.  Buppuratitui  and  even  gangrene  have  Uwn  tlcvelopHl 
in  a  very  eonsideraiile  numV»er  of  cases,  and  in  others  severe  or  fatal 
mercury  j>oisouing  has  Ik^cu  observed.  The  advantages  of  the  metliod 
liTv  that  the  physicnan  has  not  to  visit  the  patient  every  day,  and  that 
the  injection  nird  ordy  \h'  made  once,  or  at  most  twice  a  week.  On 
the  other  hand,  the  l<Kal  lesions  are  ollen  very  severe,  and  the  amount 
of  mercury  absorl>ed  cannot  be  controlled  in  any  way.  It  has  the  ad- 
vantage over  the  administmtion  |>er  os  that  the  digestion  is  not  so 
liable  to  l»e  interfereil  witli,  bat,  as  l»as  U^w  saitl,  the  danger  and 
pain  are  very  ranch  greater.     Many  authoritieii  therefore  deprecate 
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Id  cases  of  Acute  Corrosive  PoiBonmg,  the  indicatiozis  are  the  eyao- 
imtit>n  of  the  fitoKmchy  preferably  by  thg^  stoinach  tube.  Tannic  acid^ 
or  eggSy  milk  and  other  albiiiiimoiis  substaoces  may  be^iven  to  pre- 
cipitate the  nietaj jjKJ_jjrotect  thejniK^cMiigjgieiribraDe.  The  treatmeflt 
of  iheTater  symptoms  is  the  same  asTfiat  of  the  chronic  form. 

In  Chronic  Poisoning  tii£^ salutation  and  stomatitis  are  treate<H>y  ttie 
uap  nf  ohlonit'^  rtr^mti^sh  solution  as  a  mouth  wash^  and  its.  free_aipplica- 
tiou  during  mercu rial  treatment^  along  with  carefnj^ brn^hjo^  of  the 
teeth,  is  believecT  Ijv  most"  physicians  to  hinder  the  onset  of  the 
gymptoms,  Xanni^  acijLaidniinn  is  »Wrg<fimmendpi1  a fi^  mouth  wash. 
The  diarrhcea  may  be  treated  widi^opijLm,  the  other  symptoms  on 
general  principles^^  In  any  case  the  drug  ou;2:ht  to  be  abandoned,  or 
the  dose  much  rtHluced  as  soon  as  the  salivation  becomes  marked.  In 
chronic  poisoning  not  arising  fmm  the  thera[>eutic  u&e  of  the  drag, 
iodide  of  potassium  is  genenilty  prescribed,  although  its  utility  has  not 
yet  been  placed  beyond  question.  Syjphiir  baths?  and  hojLjjatbg 
without  .sulphur  are  also  recommended. 

Preparations. 

Hyprargyri  Chloridttm   CofiRosivr^  (U,  B.  P.),  Hydeakgybi  Peb- 

CHLORIDUM  (B.  P.),  coRRosrvE  siHiUMATK  (H^'l,),  forms  heavy,  eolorles& 
crystals,  without  odor,  l>ut  possessing  an  acrid,  metallic  taste,  soluble  in  16 
parts  of  c^hj_jwuter,  in  2  parts  of  iKiiHn^  water,  la  3  parta  of  alcpboly  and 
in  4  i>tirt8  of  cither. 

Liquor  Hyprargyri  P^rTtTxiPTm  (^^  p.)  contains  ^gr.  in  a  fluid 
dr.,  i-1  fl,  dn 

Corrosive  suldimate  is  one  of  the  most  irritant  preparations,  and  i&  rapidly 
absorbed.  It  in  used  ititeniMllv  in  i^vuhiHs^  0.002-0.02  G,  {j^j-i  gr.)/  in  one 
jier  cent,  solution  and  i.s  also  injerted  hypodennieally  in  0»6  jier  cent,  solu- 
liun,  2  c.c.  (iiO  mios.)  daily.  This  ftolutiou  is  often  made  up  with  Gxx^r  eent. 
of  sodium  chloride  or  urea.  Peri*hloride  of  niereurj'  is  less  liublts  to  induce 
fciuli^'atiori,  but  disturbs  the  digestion  more  than  other  preparations  when 
given  inti  rnally,  while  its  hy)M)dermie  injeeli<.in  is  exceedingly  painAiK  It 
has  indueed  futal  poisoning  in  Ihe  do?e  of  0.18  G.  (3  grs.),  taken  by  the 
mouth,  hot  in  other  ca^^es  mui  h  larger  quantities  have  been  recovered  from. 
It  is  stated  that  ojiium  eaters  ean  take  enormous  quantities  without  evil 
eflbcts. 

It  is  used  extensively  in  surgery  as  an  antiseptic  solution  (I  in  2,000-4,000)^ 
to  disinfect  the  hands,  w^ounds,  ete.,  hut  is  irritant  to  delicate  tissues,  such 
as  the  jieritoueum,  and  eorrodes  steel  inntnimenb^.  It  is  also  used  in  the 
fi»rm  of  a  soap  and  to  impregnate  bandages,  eotton-w^ool,  gauze,  catgut 
and  silk.  It  j^reserves  its  antiseptic  action  in  oils  and  ointments.  It  has 
been  used  to  a  limited  extent  In  skin  diseases  in  solution,  in  both?,  or  in 
ointment,  an  a  hx-al  application  in  dij^htheria,  and  a8  an  intestinal  antiseptic 
in  putrefactive  4ltarrhani,  typhoid  fever  and  cholera. 

The  alhuminatt  and  peptonate  of  mercury  are  formed  by  precipitating  a 
solution  of  egg  alhumin  or  of  meat  peptone  with  a  five  per  cent,  solution  of 
<T»rTosive sublimate.  The  precipitate  i.^*  collected,  washed  and  dissolved  in 
20  per  cent,  cldorideof  sodium  solution*  It  was  hoped  that  these  prepara* 
tjons  w^ould  not  cause  irritation  and  pain  when  injected  subcntanecusly,  but 
this  anticipation  has  not  been  fulfilled  and  they  have  fallen  into  almost 
complete  disuse*.     They  are  not  ofReiab 

Hijdrargtfri  Cijanidum  (IT.  S.  P,),  mercuric  cyanide  (Hg(CN)J,  colorless 

'The  B.  P«  give44  im  the  dose  of  corrosive  sijbhamte  and  the  red  iodide, /j-t^j   gr. 
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iUiouL  odor  ami  witb  a  blUei\  metallic  t4iijte,  soluble  in  about  12 

r,  in  15  parts  of  aleoho!.     The  oyunide  resewibles  the  pyrrhlo- 

rirlein  its  action  and  biii*  been  us^^d  bypodenuimlly  in  syphilis.     Ab  a  aiirgicAl 

anliaeptic  it  is  ecpial  t^   ct^rrosive  sublimate  and  attack:^  st^«l  instruments 

leas*     Dose,  as  of  corrosive  sublimate. 

The  0£jfctfamde  of  mercnnf  (Hg,^0(CN)j'J  is  also  used  to  form  an  antiseptic 
lotiou  in  surgery.  The  double  cyanide  of  mercury  and  zinc  haslx^en  recom- 
mended by  Lbter  for  this  pni  pone. 

Hydrargybi  loDiDuy  RuHRUM  (U*  S.  P,,  B.  P.)^  red  iodide  of  mercury^ 
biulo  iide  of  mercury  (Hgl^),  a  scarlet -red,  ainorphoiis  powder^  tastek^ss  and 
odorless^  almost  insoluble  in  wateri  but  soluble  in  solution  of  iodide  of  po- 
tassium.    0,005^0. 0:i  G.  (s^j^i  gr),  (B.  P.^^r-V,  gn). 

Thi--*  prepiiration  is  very  seldom  prescribed  txs  such,  but  is  frequently 
formed  by  prescribing  a  mixture  of  corrosive  sublimate  and  potassic  Iodide, 
when  the  iodide  of  mercury  U  formed  and  is  kept  in  solution  by  the  excess  of 
the  iodide  of  potjissium.  This  iirescription  is  often  indicated  in  the  iransi- 
tkooal  i:>erio<:l  bf*twcen  secondary  and  tertiary  syphilis,  and  even  when  the 
tertiar)'  symptoms  are  fully  developed. 

TAqt^nr  Arseni  et  Rtfdrargiiri  lodkU  (U.  8.  P.^  B.  P.),  Donovan's  solulion, 
oontains  one  j>er  cent,  eiu-h  ol  arsenic  iodide  and  red  mercuric  iodide.  Used 
as  a  tonic  in  syphilitic  and  other  cases.     0.3-L3  c.c,  (5-20  niina,)» 

tUnpuentum  Hydrurfpjrl  lodidi  Uitbri  (B,  P»),  4  per  cent. 
HvpttARGvuT  (Tiir.uRfijr'M  Mite  fTT.  g.  P.),  HYDRARorRi  SuBCHLORiDuac 
(B.  P.),  mild  mcrrurou>  t blonde,  c a lq m k^l  ( Hg^C  1  \ .  a  hea\'y  white  powder 
without  odor  or  tiiste,  insoluble  in  water,  alcohol  and  ether.  0.03-4). 3  G, 
(|-5g£)  iu  powder^  leas  suitably  in  pill  form. 
I^uhe  Aniimonii  Compattitn  (l\  S.  P.),  I^lttla  Hifdrarpyri  Suhchloridi  Oma* 
ponia  (B.  P.),  See  Antimony,  paj^e  r>37, 
Unffuentum  Hydrargtfri  S\ihehioridi  Hi.  P.),  10  per  cent. 
■  Calomel  is  contaiucd  in  the  compound  cathartic  pill  U.  S.  P.  (p.  106). 
BCalomel  is  used  in  syphilis  (dose,  0. 05  i  I.  (1  gr. )  thrice  daily),  but  is  crc<lited 
yf\ih  being  more  liable  to  induce  salivation  than  other  preparations,  and  ita 
ptirL''!itive.action  f^f\yn  hn,^,  \^}  \u^  t**inntt^-pir\y\l  \]y  ..putT^v  Jt  has  also  beau 
uyectcd  8ul»cQtancon>ly  in  suspension  in  10  per  cent,  salt  solution,  or  in 
liquid  paratftUy  but  has  many  disadvantages  compared  with  the  s<>lub)o 
preparations.  As  a  purge  and  intestinal  disinfectiiut,  it  is  of  value  in  bilious- 
ness, antl  in  the  diurrhtca  of  putrefaction^  less  s*i  In  diseases  in  which  the 
ititeatinal  wall  i^  the  site  of  infection^  as  in  typhoid  fever  and  cholera.  Calo* 
inel  causes  leaa  irritation  and  colic  than  ntosl  other  purges,  and  small  doses 
are  followed  by  only  one  evacuation.  It  may  the  reft  »re  be  given  where  pre* 
existing  irritation  of  the  inte^^tine  ctiiitm indicates  the  use  of  most  other  pur- 
gatives. Calomel  ts  ofVcn  advised  in  hepatic  aHections,  but  it  is  a  questtou 
whether  it  has  any  effect  here  exct^jd  as  a  purge.  It  is  of  great  value  in  s«>me 
Ibrms  of  dropsy,  cspet^ially  those  of  cartliac  origin,  in  which  it  id  adjoin isUi^red 
in  0.2  CI.  (3  gr.)  doses  thrice  a  ila^'  for  2-4  days,  an<l  is  stopped  as  soon  as 
the  diureBis  set^  in.  The  trt*atmcnt  may  be  rcjieated  if  the  dropsy  returuB. 
Alkalies  are  often  added  to  iralomcl  presi^riptiotis  on  the  ground  that  In  this 
way  there  is  less  danger  of  the  calomel  being  changed  to  corroeive  sublimate 
in  the  stomach.  For  the  same  reason,  acids  are  often  avoided  for  some  time 
alter  calomel  la  taken.  As  a  matter  of  fact  theiie  fears  are  quite  groundless, 
«•  calomel  is  not  change«l  to  the  prochloride  in  the  stomach  and  it  is  there- 
fbre  quite  unnecessary  to  add  alkalies  to  calomel. 

Oalomel  has  been  us4^d  externally  as  a  dusting  powder  far  syphilitic 
nondylomata,  as  a  slight  irritant  to  the  cornea  and  as  an  ointment  in'pniritus 
and  other  skin  diseases. 

Httdrarav^i  Ji>r( ^Vfy^pi  ^nytj^  (V,  S.  P.),  yellow  or  green  iodide  of  mercury 
(llgj,),  a  briirht  yellow  amorphous  powder,  tasteless  and  odorless,  insolubre 
in  water,  alcohol  or  ether. 
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It  \xQ»  be«n  used  in  &3*philis,  with  the  idea  of  UDiting  the  virtues  oil 
iodideis  and  of  mercury.     But  the  quaDtity  of  iodide  is  altogether  tttade 
0,05^0.2  G.  (1-3  grs.)* 

H  Y  DRAKG YRUM  CUM  Cketia  (U,  S.  P.,  B.  P.)t  mcrcury  with  chalky  \ 
FOWDEk^  is  formed  by  rubbiuj;  up  metallic  mercury  with  cl^ilk  aud 
(U,  t>.  l\)  until  the  mercury  is  di%'ided  into  very  fine  globule^*,  each  eoc 
in  chttlk.     It  forms  a  light-gray,  somewhat  damp  powder,  without  odori 
with  a  sweetii^h  taste  from  the  honey.     The  mercury  (38  per  cent.  U,  8. 1 
83  per  cent.  B,  P.)^  remains  in  the  metallic  state,  very  Httie  oxide 
formed.     It  is  insoluble  in  water,  alcohol  and  ether,  and  is  always  pp 
in  powder  form.     0.1-0.5  G.  (g-8  i^rg,). 

jlASSA  HYDUARaYRi  (U,  S.  P.),  mas9  of  mercury,  blue  ma8s,  bluej 
is  lormetl  irom  metalTie  mercury  by  rubbing  it  with  Mel  Ro«^,  glyo 
iha^  and  litiuorice  until  the  globules  are  invisible  under  a  lens 
ten  diametei's.     The  blue  mass  contains  about  3i3  per  cent,  of  merctiryl 
entirely  in  the  met^illic  form.     It  is  of  tlie  consistency  of  pills  and  is  alv 
prcftfcribeii  in  this  form.     0.2-0*5  G.  («*M^  g*j*  ) 

F^i  IX  LA  1 1  YD  lULBOXBi .  BLUE  FILL,  the  corresponding  B^J*.  prepar 
is  made  up  with  confection  of  roses  and  liquorice  by  rubbing  ibcm 
metal  lie  mercury  until  the  globules  are  no  longer  visible.     4-8  grs. 

These  prepamtions  are  very  largely  used  as  mild  mercurial  pur^iv 
the  blue  pill  being  frequently  reinforced  by  the  addition  of  one  of  the  ve 
table  purges.  The  gi'ay  powder  i;?  especially  adapted  for  children,  and  Wi 
value  in  summer  diarrhoea  and  other  similar  conditions.  Blue  pill  is  often 
given  in  cardiac  dropsy  along  with  squills  or  digitalis^  but  has  proved  inferiw 
to  calomel  as  a  diuretic.  Gray  powder  is  held  by  some  authorities  to  be  the 
best  form  for  the  intenuil  treatment  of  syphilis,  and  is  given  in  doses  of  0.03 
G.  (1  gr.)  S  tu  5  times  a  day ;  if  necessary,  opium  may  be  given  to  prevent 
purging.     The  bine  pill  may  also  be  used  in  syphilis  and  is  less  liable  to  puryv. 

VNGU&yTUN^   HvjjKARtiV^f  (U.   S.   P.,  B.  P.),  niiTglirial  nintrnflU.  BLOi 
Q|2LXA££^'T,  13  fomied  by  triturating  metallic  mercury  with  lard  and  sjj  :    ' 
oleate  of  mercury  until  the  globules  are  invisible  when  magnified  tfi» 
eters.     The  ointment  contains  abtiut  one  half  its  weight  of  metaUie  un  r 
along  with  a  small  proportiou  of  okate. 

Vn^uentum  Hydrarij\jri  CompoHitum  (B.  P.)  coutiiins  camphor  and  i§  wmc- 
what  weaker  than  blue  ointment. 

The  tamous  blue  ointment  is  used  largely  in  many  forms  of  skin  di^eaiMt 
especially  in  those  of  syphilitic  origin,  and  was  formerly  the  ordinary  treat' 
ment  for  scabies,  in  which,  however,  it  has  lieen  snpplanted  by  balsam  { ' 
and  other  remedies,  though  it  is  still  used  occasionally  to  destroy 
The  most  important  purpose  for  which  blue  ointment  is  applied  at  \h4 
ent  tim©  b  the  treatmrni  of  syphilis  by  inunction.  For  this  purpoK^  2-4  ( 
(}-l  tlr.)  is  rnbl>ed  in  daily  in  different  parts  of  the  body,  in  order  to  %m 
Ihe  irritation  induced  by  applying  it  repeatedly  to  one  spot.  A  warm  1 
is  taken  first,  and  the  patient  then  rubs  in  the  ointment  on  the  mb\^t  i 
the  thighs,  next  day  on  the  inside  of  the  arms,  on  the  following  dap  < 
%h^  forearms,  legs,  abdomen  and  back,  returning  to  the  thighs  on  the  frvfou 
di^  and  repeating  the  series.  The  ti-eatment  is  continuetl  for  a  fortnight  C 
llm^  Weeks,  Thismethoii  has  the  advantage  that  the  digestion  is  k^i 
^Cl^  ihan  when  the  drug  is  given  intenially.  but  *«n  the  other  hand,  tliein«< 
cwry  is  tnori'  slowly  absorbed  than  by  other  methods  ;  and  no  estimateofti 
quantity  really  taken  up  can  be  formed,  as,  although  the  patient  is  dlrrd«c 
to  rub  it  in  until  the  whole  disappears,  the  instructions  may  be  imp 
ciMTietl  out.  SAli\^.ition  is  not  so  readily  produced  as  by  the  admiail( 
fwr  g*.  but  when  it  occurs,  it  lasts  longer  and  may  bet^ome  sevens 
jf  flilal  poisoning  has  been  rec*orded  (Vtim  the  appiication  of  the  olnti 
•I  Ikli  0aM  lii«  skin  appears  to  have  been  broken.  Skin  rashes  are  moitl 
<|QMil  fboia  tnimeUoci  than  frnm  any  other  method  of  application,  and  fiOAlifiJ 
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the  mcthtMi  \&  extremely  incouveiiieut  und  dirty.  The  patient  ought  to  earry 
out  the  iDUiictioti  himself,  for  utiy  olhfr  person  dohig  so  uiay  acquire  ehrouic 
puidA>niiig  from  ahsorption  through  the  haucb,  iiud  even  if  this  i.s  prevented 
by  the  use  of  gioves  of  ladia-rubber  or  oiled  bkidder,  .some  mereury  may  be 
»bM>rlx^d  by  the  lungs.  lu  children  the  yinluieut  b*  often  applied  by  spread- 
ing it  ou  a  bandage,  which  is  then  applied  around  the  waist.  In  skin  disease 
aod  in  very  hirsute  individuaU,  the  inunction  treatment  ii?  iinpoHsihle. 

Blue  ointment  diluted  with  oil,  nleum  cinereitm,  has  been  injected  hypo- 
denxttcally,  or  into  the  mu^clei^  in  the  treatment  of  jsyphiJis,  but  this  method 
of  treatment  ia  even  inferior  to  the  injection  of  calomel^  and  in  a  large  num* 
ber  of  eases  gives  rise  to  abscoaaei*,  and  gangrenous  sores. 

OUatMm  H^drargyri  (U.  B.  P,),  Rj/drarffifH  Oleas  (B.  P  ),  oleate  of  mercury, 
has  been  used  for  the  same  ynirptmes  a^  mercury  ointment,  but  is  somewhat 
more  irritant  and  possesses  no  compensating  virtne-s. 

Unguenium  Hydrargyri  Oleaih  (B.  P.),  1  part  in  4. 

EmpltUftrum  Hydrargyri  (U,  B,  P.,  B.  P/),  mercury  plai^tcr,  is  formed  in  the 
eame  way  as  the  ointment  by  the  trituration  of  metallic  mercur>% 

Empkutrwn  Ammonlaci  cum  ffydrargyro  {V.  S,  P.,  B,  P.)  is  i!ii  mi  tarty  formed 
but  contains  lem  mercury  and  a  large  (|uantity  of  a  gum-resin  (ammoniac). 

These  plasters  are  sometimes  applitnl  to  chancres  and  to  syphilitic  ulcers^ 
and  mercury  plaster  has  Ix'en  applied  iiusteadof  the  ointment  a^a  treatment 
of  syphilis. 

Liniment um  Hydrargyri  (B.  P.), 

Hyhrvrgyki  Uxujlm  Fi.AYJ'^'  C^^-  B.  P.,  B.  R)t  yellow  mercuric  oxide. 

IlYDKARti YBI  OxiDUM  UuBRjJAi  (U.  8.  P.,  B.  P.),  red  mercurio  oxide. 

tfxGUENTUM  HYDRAKt^YRi  OxiDi  Flavi  (U.  S.  P*  10  per  cent.>  R  P.  2 
j>cr  cent.). 

Unguentum  Hydrargyri  Oxidi  RrBRi  (XT.  8,  P.,  B,  P.)»  10  per  ijent. 

The  two  oxides  are  identical  in  constitution  (HgC>),  but  the  yellow  is 
obtained  by  precipitation  from  the  ptTchloride,  the  red  by  oxidation  of  the 
metal  by  means  of  nitric  acid.  The  red  U  crystalline,  the  yellow  amorphouSp 
and  both  are  practicjilly  insoluble  in  water  and  alcohol,  but  are  soluble  in 
acids.  The  red  oxide  is  more  irritant  than  the  yellow  on  account  of  its 
CtystalUne  form^  and  perhuiis  also  because  it  o(\en  contains  some  nitrate. 
The  yellow  oxide  is  used  in  ointment  in  various  diseases  of  the  eye^  and 
both  are  employed  na  applications  to  sj^vhilitio  sores,  condylomata,  and 
chancres,  although  the  red  is  ofli^n  preferred  for  this  purpose.  They  have 
also  been  proposed  for  hypoflermic  injection  susjK^ndetl  in  water. 

Two  famous  preparations  of  mercury  are  the  black  and  the  yellow  wash» 
the  fijrmer  prepared  frinn  calomel^  the  latter  (mm  corrosive  sublimate  by  the 
action  of  lime  water.  The?  black  wash,  Lotto  Hydrargyri  Nigra  {B,  P,)/con* 
tains  mercurons  oxide  (Hg,0),  the  yellow,  Ijotio  Hydrargyri  /Tofa  (B.  P.), 
racrcTuric  oxide  (HgO).  The  oxides  are  in  both  cases  insoluble  and  the 
lotions  have  to  be  shaken  before  application.  They  are  used  in  syphilitic 
lesions  as  local  remedies. 

Rfdraraitrum  AtntnouHttim  iV.  S.  P.,  B.  P,),  mercuric  ammonium  chloride. 
yMti*  prrrjiatote  (Ml^HgCt),  is  formed  by  precipitating  corrosive  sublimate 
with  ammonia,  and  is  a  white,  amorphous  fiowder,  without  odor  and  with 
an  earthy,  metallic  taste,  almost  insoluble  in  water  and  alcohol. 

Unguetitum  Hydrargyri  Ammoniati  (U,  8,  P.,  B.  P.),  10  jH^r  cent. 

The  white  preci]Mtate  is  not  used  internally,  and  is  more  irriliujt  than  the 
oxides.  The  ointment  U  oooaslonally  applied  in  skin  disojises  and  U*  dt-^tn»y 
parasites. 

Hydrargyri  SubwiUphoM  Flavus  (U.  8,  P.),  basic  mercuric  subsulphate,  Tur- 
peth  mineral  (Hg(HgO)^>)^,  forms  a  heavy,  lemon-colored  jiowder,  odorless 
and  almost  tasteless,  practtcaUy  iuHohihle  in  water  and  alcohol. 

The  sulphate  is  scarcely  used  in  medicine  at  the  present  day.     It  was  at 
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one  time  recommended  as  on  emetic  in  croup,  as  it  Irritates  tbe  stoTJui  :i, 
but  it  is  extremely  <langerou;*  to  use  it  in  this  way. 

Liquor  Ht/drargifri  Silr<^t(is  (U.  S,  P.,  B.  F.)j  solution  of  mereuric  tjilmir, 
©ontiiina  about  t)0  ]jer  ceot.  of  the  nitrate  (Hg{NOj)j)  along  wilb  alwnt  U 
j>er  cent,  of  free  nitric  acid.  It  is  a  powerfully  corrosive  fluid  wbirh  h  us»-U 
to  cauterize  the  os  uteris  eancers  or  condylomata^  Symptoms  of  menun 
poisoning  have  arisen  from  its  application  to  the  o«  uteri. 

UytiUKNTiM  llYi>RAR<;yRi  NiTB^^Tm  (U.  S.  P.,  B.  P.),  citrine  ointTMot. 
is'iised,  (Olutea  with  oil  or  hird,  in  conjunctivitis,  and  also  as  an  applicstioa 
to  syphilitica  sores  and  gangrenous  ulcers. 

Unguent  urn  Ihjdrargyri  Cit  rails  Dilutum  (B.  P.), 

Jhjflrargyriim  (U.  S.  P.,  B.  P.),  luetallic  mercuj-j%  is  not  used  in  then- 
peuticsj  at  the  present  time.  It  \\n&  formerly  employed  in  cases  of  intestinid 
obstruction  in  large  quantities  {up  to  a  pound  or  more)  in  order  to  drag  llic 
inteatineB  into  phice  l»y  its  w*eight.  A>s  a  general  rule  no  s^iuptomB  of  poisoa- 
ing  occurred,  the  mercury  being  voided  unchanged  and  nnabsorbed,  but  in 
some  cases  salivation  followed  its  use, 

A  large  number  of  new  preparations  of  mercury  have  been  intTodueed  of 
late  years  and  have  received  a  more  or  less  extensive  trial,  but  have  seldom 
bee  n  fo  n  n  d  tc  bo  supeii  or  t  o  t h  e  ol  der  form s.  Am  o  n  g  these  m ay  be  m  eniioncd 
the  tannafe,  which  Wiis  introduced  in  the  hope  that  it  would  cause  le^  pur- 
gation than  calomel,  and  might  therefore  be  better  adajitedfor  the  treatment 
of  syphilis.  0.1-(K3  G.  {2-5  grs.)  in  powder.  The  carbolatt%  aalicylaU  (eUher 
neittralar  baMic)^  ben^oatej  eozoiodolate,  thifmoi-acriat^  and  many  other  similar 
compounds  have  been  used  instead  of  calomel  for  bypodermic  or  intramus- 
cular injection  J  have  each  in  succession  been  blazoned  forth  as  ibe  best 
prt^paration,  and  will  probably  be  forgotten  in  the  course  of  a  few*  years. 
Several  ami  do  acid  salts  of  mcvcurii^  such  as  the  forimimifli;  the  amido-prth 
pionale  (a  Ian  in  mercuiy)  and  the  succinimidf  have  been  proposed  as  subgti- 
tutefl  for  corrosive  suhliroatc  in  bypodermic  injection.  It  was  believed  that 
the  affinity  of  mercury  for  nitrogen  lieing  i^alisticd  in  these  compounds,  it 
would  attack  the  protetds  less,  and  as  a  matter  of  fact,  the  injections  are 
said  to  l>e  less  painful  than  those  of  corrosive  sublimate,  Dreaer  has  recently 
proposed  fnereitric-po(€Uisw  kypomdphite,  because  the  mercury  is  apparently 
oontaincf!  in  it  in  a  form  which  does  not  admit  of  its  dissociation.  Colloid 
mereitry  has  been  suggested  for  inunction  instead  of  the  blue  ointment, 
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in.    moN. 

Ttytn  flifft>r^  ff^m  \\w  otiicr  heavy  metals  in  J><?ing  cseential  to  the 
W  '  iny^  pc^rliupj  a  11^  fj^rnviiff  [^mt'^phifrn  In  the  vertebrates  this 
i-  «'(|  by  tht*  liiet  that  most  of  the  in>ii  is  cijntaineil  in  the  hajmo- 

globiii  of  the  blmxl,  and  its  importatioe  in  the  other  tis^sues  le  generally 
ignored.  In  the  inveitebrates,  ho%vever,  in  many  of  whi(4i  no  corre- 
^spimdiii*^  eompound  exist.^  in  the  blood,  eonsiderable  amount**  of  iron 
arc  found  in  the  ti88ae>a»,  and  there  i?^  no  qnesfion  that  t}m>n^hout  the 
animal  kingdom  iron  is  es^sential  to  living  matter,  (|uite  apart  from  itn 
special  relation  to  the  blood  in  the  vertebrates,  Moliscii  has  shoiMi 
that  it  is  al^o  nec5epsary  for  the  development  of  the  lower  vegetable 
forms,  and  it  has  been  founil  that  in  its  abi^enee  the  lilgher  plants  fail 
^Bto  form  chlornpliyH,  although  iron  is  not  artually  contained  in  the 
Patter  as  it  is  in  ha'tnoglubin. 

r  The  iron  oombinatiotjs  are  g<Miera)ly  divicled  into  two  chisses — in- 
^Mfji^nio  and  orgjinie.*  In  the  former  of  these  iron  is  eontainwl  in  the 
^^ftrdinary  salt  form,  is  dinvsociated  in  sobition,  and  ain  l>e  ro<'<»gniw.'d  by 
such  tests  as  the  Idaek  |jreeipitate  with  ammonium  sulphide,  and  the 
^Jl>lue  pn^eipitates  with  the  fernieyanide  or  ferrieyaniile  of  |>otiissinni,  1  n 
^pbrganie  iron  these  tests  fail,  or  are  only  elieitt^  after  prolonged  contact, 
^^and  this  has  b<»en  i^nj)[M>srHl  to  indicate  that  the  inm  is  (M>ml)ined  di- 

'  **<lrgwiic'*  '"'I  'Sti..!  -MM,*"  lire  here  wsctX  In  a  Hiiecinl  rn^itnliig,  and  luifc  no 
T^'ffrtMicr  t(i  th<-  whicth  irtni  is  .litnclicd^  (tut  tn  th«  mtfibntl  itf  mtJU'^h- 

mctit.     Thus  th<  Miinirtateof  iron  nw  both  c|jiHuti«.Hl  nmong  the  innr|f«nic 

in>n  (lampoiimK  Im       i       im        <>      .ipahle  of  diiisMiciatton,  and  the  iruu  in  prvcipitalod 
by  aitiiuoniiim  >^uisiiii.s<  Mr  k<  U  iron''  U  «  prefvmble  tonu  for  ^'curi^iiio  inM)/' 

*    '  '    I  not  been  m  widely  tised. 
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rectly  with  the  carbon  of  the  preparation.  Examples  of  iporppjc 
iron  are  the  chlorides,  acetates  or  aulphatei^,  while  the  best  type  of 
or^^aiiic^iron  is  ha^moglolun^  though  numbers  of  others  exist  in  ttif 
fiij^ies]  Between  the  ordinary  SiiUn  of  imn  and  hiemoglubiu  aad  \u 
allies,  there  exists  a  number  of  com pninds,  which  are  stained  black  by 
ammonium  sulphide  after  prolonged  contact,  and  wliich  it  is  impossible 
to  class  either  as  organic  or  inorganic. 

When  such  a  salt  as  the  perch loride  is  added  to  a  solution  of  prottul, 
it  precipitates  it  at  once  in  tlie  form  of  iron  albuminate.  This  iriNlij- 
ble  body  is  also  formed  in  the  living  tissues  when  the  perchloride  ij  j 
brought  in  contact  %vith  them,  and  forms  a  protective  coating  on  tlw 
surface.  Imn  lias  no  such  relation  to  the  proteids  as  mercury,  and 
does  not  corrode  them  of  itself,  any  destruction  which  may  be  cau& 
by  such  compounds  as  the  jwrch loride  being  due  to  the  acid  e*>iistituen 
and  not  to  the  metallic  ion.  The  albuminate  is  not  so  flocculent  i 
that  of  mercury,  and  tends  to  prott^»t  the  tissues  from  the  acid,  eo  ihat^ 
the  corrosion  of  iron  compounds  is  limited  to  tlie  surface.  The  double 
sidts  of  iron,  the  albuminous  compounds,  and  organic  iron  do  not  pn 
cipitate  proteids,  and  are  therefore  neither  irritant  nor  astringent 
long  as  they  maintain  their  original  form  and  are  not  decompoded 
simple  salts. 

Symptoms, — luorgpanic  iron  eonnwmiils.  of  which  the  perchloride 
may  be  taken  as  a  ty|>e,  have  an  astringent,  metallic,  or  often  acid 
Jaste,  but  in  ordinar)"  doses  induce  no  further  symptoms.  If  swab 
lowed  in  large  quantities,  they  cause  pain  and  nneasinpsfi  ip  thn^Rtom« 
ach,  nausea,  vomiting  n^id  rtfti*r|  pnrgjnp^  with  all  tlie  ordinary  symp- 
toms oTacutegastro-i  n  test  hi^^  Genenjj  weakness  and  even 
collapse  may  be  induced,  but  are  manifestly  secondary  to  the  gastric 
and  intestinal  eff'ects,  and  no  symptoms  which  can  in  any  way  l>e  at- 
tributed to  the  absorption  of  iron  have  Ijeen  observed  in  either  man 
or  animals* 

The  prnlffni(Tf»d  u*fo  of  inorganic  iron  is  frequently  followed  by  some 
dyspepsia,  and  by  constipation  and  ooljc.  which  are  obviously  due  to 
tne  continued  astringent  action  on  the  stomacli  and  bowel.  Other 
symptoms  observed  occasionally  are  blackness  of  the  teeth  and  tender- 
ness in  the  gums,  wliicli  may  be  due  to  the  acid  contained  in  many 
iron  preparations  ;  the  blackening  of  the  teeth  has  been  supposed  to  l>e 
due  to  the  tannic  acid  of  the  food  precipitiiting  the  inky  black  taooate 
of  iron,  or  to  the  sulphide  of  iron  being  formed  by  the  action  of  the 
hydrogen  sulphide  present  in  carious  teeth.  Ace»>rding  to  Buztlygan, 
the  iron  preparations  increase  the  secretion  of  hydrochloric  acid  in  the 


stomach,  and  may  thus  lead  to  hyperacidity,  or  aggravate  it  if  alread 
present  In  artificial  digestion,  the  salts  of  iron  with  organic  aoi4 
are  said  to  hinder  tlie  process  more  than  those  with  inorganic  acid^ 
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the  ferric  salts  more  than  the  ferrous,  and  the  insoluble  preparations 
least  of  all.  The  digestion  of  starch  is  almost  unaffected  by  the  pres- 
ence of  iron. 

Iron  given  by  the  mouth  induces  leucocytosis  (PobI),  and  doto  not 
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p^ct  the  amount  of  double  sulphates  excreted  in  the  urine,  so  that  it 
no  aatiseptic  action  in  the  bowel  (Morner). 

Some  symptoiaB  fro  in  the  circulation  are  sometimes  said  to  arise,  but  tire 

Ifor  the  most  part  subjcjctive,  and  .seem  to  be  huiuied  down  by  tmditiou  rather 

[than  really  observed.     The»e  are  a  feeling  of  congestion,  fuJne5^.s  and  heiit  in 

'  the  head,  and  haimorrhage-s  from   the  no»e^  throat  and  lungs,  e^weially  in 

phthiiiU.      If  these  symptoms  are  not   entirely  imaginary,   they  ai*o   to    be 

attribute*!  to  some  rellex  from  the  f^toruaeh  an«j  into^tine  and  not  to  any 

direct  action  of  iron  on  the  heart  or  vessels. 

VVlien  these  astringent  preparations  are  injected  into  the  blood  vessels  in 
animal^  they  coagulate  the  proteids  and  cauBe  thrombosis  but  no  real 
^ymptomaof  iron  i>oisoni ng.  Fat4il  tbroinl>osi-s  has  been  observed  in  patients 
lh>m  the  injection  of  the  perchlorirlo  into  the  uteru.*,  and  al»o  into  nievi. 
The  hyjiodermie  injection  of  these  tialts  causes  some  pain  and  swelling,  but 
no  further  symiit4>mi«  follow,  ami  the  iron  is  found  for  the  most  piart  deposited 
in  an  insoluble  form  at  the  point  of  injection. 

The  Oeneral  Symptoms  of  iron  are  obtained  only  by  the  intnivenoui^  in- 
jection of  double  salt^,  such  BS  the  tartrate  of  iron  and  sodium,  which  do  not 
coeguhite  the  blood,  and  at  the  same  time  are  cuipable  of  freeing  the  iron 
ion  in  the  tinsue^,  Such  salts  as  the  ferrocyanidt^  or  ferricyanidet*  on  the 
other  hand  leave  the  bwly  as  such,  antl  the  iron  ion  is  not  lilicmteti,  m*  that 
no  iron  symptomsi  are  induced,  Meyer  and  Williams  found  that  the  double 
tartrate  caused  in  the  frog  nlownees  and  chim^inefis  in  movement^  which 
gradually  develotied  into  complete  paralysis  of  the  central  nervous  pystem* 
The  heart  seenieii  to  be  little  affeeteil,  but  the  skeletal  rauRclea  were  some- 
what lens  irritable  than  usual  after  death.  In  mammals,  the  symptoms  of 
iron  t>otsoning  were  often  very  late  in  appearing,  and  began  w^ith  fiome 
aecoleration  of  the  breathing,  which  hiter  became  slow  and  dy8pna?ie ; 
vomiting  and  diarrhcea  often  foltowed,  an<l  blood  was  Bometimes^  seen  in  the 
cva»cnatious  of  the  stomach  and  lH>wel.  Increasing  weakne^^  was  followeti 
by  cetitral  paralysis  and  death,  accompanied  by  wi^^k  convulsive  movements. 
The  heart  seemed  little  alFcet***!,  although  the  hlood-pres-sure  fell  rapidly 
towards  the  end.  Post-mortem,  the  mucous  membrane.s  of  the  stomach  and 
intestine  were  found  swollen  and  congested,  and  oiten  eontaine<l  numerous 
small  blond  extravaaations.  Kobert  found  that  repeated  injection  of  small 
<|Uant]tie8  of  the  citrate  of  iron  induces  congestion  of  the  kidney  and  th<*  ap- 
pearance of  easts  and  albumin  in  the  urine.  In  acute  iH»tsoning  the  alka* 
lillity  of  the  bhxxl  is  reduced  owing  to  the  ex(*e*«  of  lactic  arid  formed. 

Iron,  like  the  other  heavy  metjds,  won  hi  therefore  seem  to  have  a  specifio 
irritant  effect  on  the  intestinal  and  gaNtne  mucous  membrane,  and  to  a  lesi 
extent  on  the  kidney.  In  addition,  it  depresses  and  eventually  paralyzes 
the  eentrul  nervous  j<>'stem,  but  it  is  impossible  to  state  how  far  this  m  due 
to  direct  action,  and  how  far  it  is  secondjiry  to  the  action  in  the  alimentary 


According  to  Kobert,  iron  perfustnl  through  the  vessels  has  no  cfTert  on 
their  calibre  except  in  large  doses,  when  it  dilates  them.  The  astringent 
action  is  due,  therefi»re,  to  the  precipitation  of  the  proteids,  and  not  to  con- 
stnrtton  of  the  vessels. 

Apart  from  Irritation  of  the  stomach  and  inlestiiie,  no  symptomfi  are 
iudui*4*d  by  iron  given  by  the  mouth,  l»ecause  it  ia  absorbed  loo  slowly  and 
in  too  small  amount,  and  perhaps  in  a  form  which  has  little  tendency  t0 
cause  them. 


The  Absorption  of  Iron  has  been  a  subject  of  diseo^ion  only  dnrinff 
the  latter  half  of  the  last  century,  for  up  to  that  time  it  had  l>eeD  aasomea  i 
tlirti  it  pa^diHl  into  the  tissues  with  o<^>ni{)arative  eafie,  and  was  there 
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formed  to  lifemoglohin.  Id  this  way  was  explaiDed  ita  ♦'ffkt 
anaemia,  particularly  in  the  form  known  as  ehIc>rtJ6?ii?,  in  which  tl 
a  deficiency  of  haemoglobin  rather  than  of  blood  cells.  The  b 
at^cruing  from  the  use  of  iron  salts  in  this  di.sease  Jias  been  attcstedl 
8o  many  generations  of  physicians  that  only  the  most  skeptical  i 
have  any  doubt  on  tlic  subject,  T!ie  first  to  question  this  explana 
of  the  action  of  iron  in  chlorosis  waa  Kletzinsky,  who  formiilale 
theory  of  ita  action,  which  wiis  srw:)n  forgi>tteii,  however,  and 
becatiie  popularly  known  when  it  Wiis  rrsui^citated  by  Bung€. 
explanation,  which  is  generally  stated  as  Bunge*s  theory,  has 
widely  held  during  the  la^st  few  years,  but  has  now  been  abandoned' 
ulniot^t  all  its  former  ^up|>orters  inclading  its  author,  who  ha*^  beeii 
corupelled  to  admit  not  only  that  iron  &idts  are  absorbed  but  that  tlidf 
administration  leads  to  an  increased  formation  of  haemoglobin. 

No  accoimt  of  the  action  of  iroa  would  be  eomplete,  however,  withoci 
reference  to  tin  explanation^  which  hai*  at  lea^t  had  the  effect  of  est;i^ 
a  uumiier  of  facts  regarding  the  fate  of  iron  in  the  l»ody,  and  alsc^ 
desirable  re.su It  of  increasing  to  a  considerable  extent  the  miralwr  ui  jo;- 
erited  preiuirationa  contiiining  iron.     Shortly  stated,  Bmige's  thcorv  ?A?hsii 
in  ordinjiry  conditions  a  certain  amount  of  iron  is  lost  by  the  body  cor 
through  tin*  excretions,  and  this  \o^^  is  made  up  by  the  absorption  of  i 
contftiueil  in  the  food.     This  foo<^i-iron  consists  wholly  of  organic  h 
h^^  of  iiun  combined  in  such  a  way  that  sulphides  attack  it  ViXih  dii: 
an  example  of  jiiich  organic  iron  la  the  ha*matogen  of  the  j'olk  of  egg,    in 
normal  individuals  the  food-iron  is  sufficient  lo  replace  that  lost  by  eicrt- 
tion,  but  in  chlorotsis  the  presence  of  large  amounts  of  sulphide*  in  th«  in- 
testine causes  the  food-irons  to  l>e  decomposed  to  ferric  sulphide,  which b 
insoluble  and  unahaorbable.     When   the  ordinary  inorganic  iron  preparsr 
tious  are  administered  in  these  ease**,  they  are  not  taken  up  in  pljM*r  of 
the  food-irouH ;  but,  by  forming  sulphide  in  the  intestine,  tbey  reru' 
sulphuretted  hydrogen^  and  prevent  the  decomposition  of  the  fot*  1 
which  thui?  remain  capable  of  being  absorbed.     Bunge   and  his  fo 
went  on  to  state  that   inorgjinic  iron  is  never  under  any  eircunislain 
aorbed  by  the  normal  epithelium,  but  that  when  large  quantities  are  luiiL'n 
Mered,  they  tend  to  corrode  the  walls  of  the  f^tomacb  and  intestine,  aadin* 
thu8  atwiorbed  to  Bcjme  extent.     Even  thcn^  however^  they  are  iii?apaWe  of 
being  formed  to  hafmoglobinT  the  animal  body  being  able  to  perform  oiih 
the  last  Bteps  of  this  f^ynthtsis^  after  the  plants  have  formed  the  siiD|>ltr 
tjpes  of  organic  iron.     This  theory  now  possesses  only  historical  inlerejt,  ^ 
that  it  is  unnecessary  to  enumerate  the  arguments  brought  against  it    h 
may  be  sutlicient  to  state  that  if  ibe  ordinarj*  preparations  of  ircm  acted  only 
b3'  binding  the  sulphides  of  the  intCi^tine,  various  other  metals  would  i 
equally  efficient  in  chlorosis;  iron  would  not  be  beneficial  injected  hyjKwlc 
mically,  aad  iron  sulphide  given  so  aa  to  escape  the  action  of  the  pmt 
juice  would  l>e  equally  useless.     It  is  fouml,  however^  that  no  other  met 
can  repliu-e  inm  in  chlorosis ;  that  iron  injected  hypodennically  is  eurat^ 
in  4'hlorosis,  and  that  the  suli^hide  administered  so  as  to  reach  the  iat«lia 
nnchange<l,  acts  as  well  as  other  preparations  (Stockman).     Finally,  it ' 
be«n   shown  that  ordinai-y  prei»anitiong  of  iron  are  absorbed.     The  « 
aiigr^iments  muy  Im?  brought  against  two  other  theories  which  have  Ikto  pro* 
posed  to  expinin  the  action  of  iron  in   chlorosis  without  absorj»tton,    Inw' 
fltBt  of  thesie  it  is  supposed  that  in  chlornsij;  the  raiicus  of  the  intfstmeif 
inereased  and  prevents  the  ab^^arptinn  of  the  food -iron,  while  the  rnmtsuil 
iron  precTpitates  the  mucus  iind  thus  removes  it.     The  other  is  that  the  in^P 
^     ic  iron  acts  as  a  canninative^  increases  the  circulation  in  the  ialestu 
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\d  thus  promotes  tho  absorption  i}f  Jootl-iron,     It  may  bo  remark ed  in 
ng  that  there  is  no  rtnison   to  suppose  that  the  tjul|jhides  or  muini!^  of 
le  tntedlioe  are  increased  in  cliloroBis,  or  thiil  Its  firculatlou  is  so  weiak  a^ 
prevent  absorption. 

Driven  from  their  former  positioti  tliat  inor^inic  iron  is  not  absorbed  by 
le  mtestiDe,  the  advocatea  of  the  use  of  organic  iron  in  chlorosis  have  at- 
lapted  to  make  a  further  stand  by  a^crtinji:  thiit,  although  the  ordinary 
^repamtionB  are  abi*orbed,  they  are  not  used  in  the  ftmnation  of  bjemoglobin^ 
t  after  a  more  or  less  prolonged  stay  in  the  liver  and  other  otgaaa^  are 
ereted.     This  statement  is  refuted,   however,   by  several  researdtcs^  in 
tUch  the  addition  of  inorganie  iron  tu  food  detieient  in  iron  (milk),  or 
entirely  free  from  it,  prevented  the  amemia  whieh  was  observed  in  animals 
fed  on  the  same  food,  but  without  iron.     Finally  Ahderhalden,  the  latest  ex- 
ponent of  Bunge's  view!=«,  finds  that  inorganic  iron  increases  the  hiemogh>btn 
of  the  blomi,  but  suggests  that  it  may  do  so  indiro<:'tly  l>y  taking  the  phioe  olg 
the  food-iron  whieh  supplies  the  needs  of  iht*  tissues,  the  footl-iron  then  beii] 
ibrmed  to  haemoglobin  ;  he  fails  to  supply  any  arguments  in  support  of  thil 
theory,  which  it  is  therefore  unnecessary  to  diseuss. 

The  chief  difficulties  in  following  the  course  of  iroa  in  tlw?  btxly  sire 
due  tij  its  IxMOg  present  in  all  the  tissues  anil  secretions  normally,  and 
to  the  very  small  tjuautity  which  is  ciintaiued  in  ordinary  ftifnJ,  and 
which  is  essential  to  the  raaintenunee  of  health*  Alwut  2J-4H  G. 
^4f)L_55  grs.)  of  iron  are  estimated  to  be  present  in  the  tissues  of  a 
ealthy  hnnian  ailult,  the  greater  part  of  it   existing   in  the  form  of 

tmoglobin  in  the  VihKxL  Fonnerly  it  was  believed  tlmt  siune  50 
(I  gr,j  of  iniu  were  taken  in  the  fmnl  \wv  clay,  hut  St*»eknuui  and 
Greig  have  recently  shown  that  this  estimate  is  mncli  too  high,  and 
that  an  ordinary  dii*tary  provides  only  ab«_iiit  5-10  mgs,  {^.y—\  j^r)  of 
iron  |K^r  tlay  ;  they  found  in  one  case  that  even  ^1-0  mgs.  {,^^ — |^  gr.) 
were  sufficient  to  preserve  the  imn  equilibriuni.  About  the  samni 
amount  of  iron  is  excreted  per  day,  chietty  in  the  foBoes,  to  a  muck 
amalter  extent  in  the  nrine. 

When  additional  iron  is  supplied  to  the  Ixxly,  either  a^  inorgamo  or  j 
as  organic  in>n,  mu**h   the  greater  part  of  it   reapj^ears  in   the  »t4X>ta,' 

■This  does  not  necessarily  entail  that  all  of  it  has  [xusstnl  thn>tigh  the 
liowel  unabsorbed,  for  it  is  now  perfectly  certain  that  iron  is  excreted 
through  the  intestinal  epithelium,  so  that  some  of  the  iron  of  the  sUmiU 
may  have  been  absorlx^d  and  reexcreted,  Tl»e  strongest  argument  cited 
by  fiuDge  in  sn^^port  of  liis  theory  was  that  inorgani**  iron,  given  by 
the  mouth,  did  not  ineri^se  the  iron  of  the  urine.  He  ussume^l  that 
any  ir»m  absorbetl  would  ncHvssarily  apjiear  in  cH>ur¥«e  of  time  in  tho 
urine^  but  this  lias  been  shown  to  be  incom*t*t  by  a  M-ludc  series  of  in- 
vest ig;it  ions.  When  iron  siilts  such  as  the  double  tartrate  are  injecte<l  j 
into  a  vein,  they  soon  disi[»iK'ar  from  the  bliwul,  but  otdy  some  2—5 
per  cent,  of  the  quantity  injected  reappears  in  the  urine,  the  refit  being 
wiiblniwu  from  the  1>1o(m1  and  storetl  up  in  the  cells  of  the  liver  and 
spleen,  and  perhaps  in  the  lH>ne-marn>w,  Thus  even  if  imn  is  ab- 
aorUnl  in  the  inlt^tine,  it  is  improbable  that  it  will  reap|H*ar  in  the 
urine  in  apprecuihlo  quantity,  ft»r  supposing  10  mgs.  to  be  taken  up,  2 
per  cent,  of  this  would  roprt*sent  only  \  mg,  and  tliis  liei^  witliin  the 
Hmita  of  error  of  estimation.     In  additioUi  it  eoems  probable  that  when 
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iron  enters  the  blood  slowly  and  in  small  quantities^  even  a  les8  pio- 
portion  of  it  is  excreted  in  the  urine  than  when  larger  quantities  are 
injected  suddenly.  At  any  rate,  the  ordinary  preparations  of  iron 
when  given  by  the  mouth  do  not  increase  the  iron  of  the  urine,  while 
the  results  of  the  different  investigators  differ  in  regard  to  organic 
iron,  for  some  have  found  it  increase  the  urinary  iron,  while  other  and 
perhaps  more  impartial  investigators  have  found  it  unaffected.  On 
the  whole  the  evidence  goes  to  show  that  0.5-1.5  mgs.  of  iron  are 
normally  excreted  in  the  urine  in  24  hours,  and  that  the  admiDiBtra- 
tion  per  os  of  iron  preparations,  whether  organic  or  inorganic,  does 
not  affect  this  amount.  The  fact  that  an  iron  preparation  given  by  the 
mouth  does  not  increase  the  iron  in  the  urine,  is  therefore  no  evidence 
that  it  has  not  been  absorbed  from  the  stomach. 

Iron  injected  into  the  veins  of  normal  animals  is  stored  up  in  the 
liver  and  spleen,  but  is  slowly  taken  up  from  these  organs  again,  and 
is  excreted  by  the  epithelium  of  the  caecum  and  colon.  When  iron  is 
given  by  the  mouth,  therefore,  it  may  either  pass  along  the  canal  and 
be  thrown  out  in  the  faeces,  or  it  may  be  absorbed,  make  a  stay  in  the 
liver,  be  excreted  in  the  large  intestine,  and  again  appear  in  the  stools. 
The  comparison  of  the  iron  in  the  food  and  in  drugs  with  that  of  the 
stools  therefore  gives  no  clue  as  to  how  much  has  been  absorbed,  and 
how  much  has  simply  passed  through  the  intestine. 

But  the  passage  of  iron  from  the  liver  to  the  intestine  is  a  somewhat 
slow  process,  and  it  is  therefore  possible  to  detect  the  excess  of  iron  in 
the  liver.  This  has  been  done  repeatedly  by  the  following  method. 
Young  animals  of  the  same  litter  fed  on  milk  have  approximately  the 
same  amount  of  iron  in  the  liver.  If  one  be  fed  on  milk  only,  the 
other  on  milk  to  which  iix>n  is  added,  the  liver  of  the  latter  is  found 
to  contain  more  iron  than  that  of  the  control.  Other  investigators 
have  fed  animals  (rats  or  mice)  on  food  that  is  practically  free  from 
iron,  have  killed  them  and  estimated  the  iron  in  the  whole  body  apart 
from  the  alimentary  tract  and  compared  it  with  that  of  animals  treated 
in  the  same  way  except  that  iron  was  added  to  the  food.  The  latter 
group  contains  much  more  iron  than  the  control  group  fed  on  iron-free 
food,  and  in  general  presents  a  much  more  healthy  and  normal  ap- 
pearance. 

Finally,  attempts  have  been  made  to  follow  the  iron  in  its  course 
through  the  tissues.  This  is  possible  by  the  histological  examination 
of  tissues  soaked  in  ammonium  sulphide  solution,  in  potassic  ferrocy- 
anide  and  hydrochloric  acid,  or  in  haematoxylin,  as  these  form  black 
or  blue  precipitates  with  most  forms  of  iron,  but  leave  the  haemoglobin 
unaffected.  When  animals  are  given  iron  preparations,  and  are  then 
killed,  and  their  organs  stained  by  these  reagents,  the  mucous  mem- 
brane of  the  stomach  and  of  the  greater  part  of  the  small  intestine  gives 
no  coloration,  but  the  epithelium  of  the  duodenum  and  the  upper  part 
of  the  jejunum  is  found  to  contain  numerous  granules  of  iron.  These 
granules  may  be  traced  to  the  mesenteric  lymph  glands,  are  found  in 
large  numbers  in  the  spleen  around  the  corpuscles,  to  a  much  smaller 
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Itent  in  the  liver,  and  in  the  cortex  of  the  kidney.     If,  however,  the 

lima  I  l>e  kept  for  some  days  after  the  iron  is  given,  the  raietion   in 

he  diKxlcuuni,  spleen,  and  mesenteric  glands  is  less  intense,  wliile  the 

Iver  j^ives  much  more  distinct  evidence  of  containing  iron,  and  the 

ipithelial  cells  of  the  large  intestine  and  execum  also  give  a  strong 

[jtion.  This  is  interpreted  to  mean  that  iron  is  absorbed  by  the 
luodeniim  and  Is  first  storetl  in  tlie  spleen,  but  lat^^r  finds  its  way 
1  rough  the  blc»od  vessels  to  the  liver,  where  it  rests  agjiin  for  si)me 
^time«  to  be  eventually  taken  up  again  by  the  blooii  and  excreted  into 
the  large  intvestioe  and  the  eieenm.  There  is  some  tpiestion  as  to 
whether  the  lymph  ve-^sels  are  involved  in  the  absorption  of  iron  and 
the  most  reeent  investigators  have  failed  to  find  it  in  the  thoracic  duct 
and  accordingly  hold  that  it  is  absorbed  fnim  the  intestine  into  the 
bliXKl  vessels  direelly.  The  iron  stored  in  the  liver  does  not  escape 
by  the  bile  as  might  be  anticipateiL  A  j^niall  pi^i-eentage  of  imn  is  a 
constant  c*msrituent  of  tliis  Hnid,  but  is  not  inereastHl  by  iron  giv^n  by 
the  mouth  or  intravenously. 

Nothing  is  known  witli  rertainty  regarding  the  form  in  whifh  imn 
IS  al>st>rl>ed.  It  is  assumed  tliat  in  the  stoinarh  ahnost  all  the  (irepu- 
rations  form  chlorides  to  a  grciiter  or  less  extent/  an?  then  chimged 
into  ulbiioiinates,  and  in  tliis  form  pass  into  the  *ln!>donum,  when:^  they 
may  be  absorbtxl  in  solution,  or  may  l)e  iirecipitated  and  taken  up  as 
solids  by  the  epithelial  cells  and  the  Ieue*x\vtes.  In  the  liver  it  seems 
likely  that  the  absorlxnl  iron  is  ehangeil  to  hepatic  fcrratin»  arnl  that  it 
19  ston.*d  in  this  form.  Scvend  other  imn  compounds  have  iRfU  found 
to  the  liver,  and  iron  uudoubtedly  undergoes  a  number  of  synthetic 
prooGsses  there. 

It  must  not  be  inferred  fmrn  the  foregoing  tliat  all  of  the  inorgsmic 
iron  swallowed  is  tiiken  up  by  the  intestinal  epithelium.  It  is  quite 
im|ios$tble  to  form  even  approximate  estimates  of  the  amount  that  is 
really  absorlxnl  and  made  use  of  by  the  tissues,  but  the  probability 
ia  that  only  a  small  i>ercentage  is  rt^alty  taken  up;  the  re^t  prissinjf 
through  the  intestine  and  Ixnng  thrown  out  in  the  sti3ols.  It  is  often 
stated  tliat  the  iron  stoi>ls  are  dark  or  black  in  n:>lor,  from  the  sulphide 
pn^cDt^  but  this  s*M*ms  to  Im>  seldom  the  case  when  they  are  ^Missed, 
altliough  they  assume  a  darker  gray  or  grayish  black  a»lor  in  the  air 
fTDm  oxidation.  The  iron  is  contained  in  them  only  to  a  small  extent 
as  the  sulphide,  some  of  the  rest  probaldy  b<^ing  all>uuvinate. 

To  sum  up  what  is  known  regarding  the  fate  of  the  iron  pn*[>arationa^ 
they  are  partially  formed  to  tlie  chloride  and  then  toth^>  aliiuponnti*  \p 
the  strMnaeh,  pa'^s  into  the  duod enuni,  from  which  the  great  bulk  i_s  ci^f- 
ried  on  into  the  h^wer  parts  of  theTntestine,  \yhile  some  is  absorbed  bv 
the  epithelium  amUenfiory^^  '"  "olid  form  and  p^»rl»ipa  Vn  fl*^bHititi, 
It  is  then  de|>tisi ted  in  the  spleen,  wher^  \i  i^iay  undergo  »^n\^  Aum^o^ 
in  form,  is  later  tala*n  up  by  the  blopd  find  dp;ioftiti?^  *'*  ^W  I'^^i"*  '^nd 
perhaps  in  the  l>opf  mnrr^w:.     Where  the  supply  of  iron  has  been 

*  Accordinir  Im  fx^vvnil  uf  tin*  ttUhr  aittlior»i  iIk'  ferric  mktm  Aftt  cIumiii^hI  to  ferrow  In 
the  ffiomach. 
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inadequate  for  the  formation  of  hsemoglobin,  the  originally  inoiganic 
iron  is  probably  worked  into  higher  forms  and  eventually  into  hsnio- 
globin  in  the  liver,  and  it  seems  h'kely  that  ferratin  is  one  of  the 
intermediate  steps  in  this  synthesis.  When  there  is  no  deficiencj  of 
iron  for  the  formation  of  hsemoglobin,  the  liver  slowly  yields  its  store 
of  iron  to  the  blood,  which  carries  it  to  the  csBCum  and  large  intestine, 
by  the  epithelium  of  which  it  is  finally  excreted.  It  is  to  be  Doted 
that  the  iron  absorbed  does  not  increase  the  amount  of  iron  in  the 
urine,  bile  or  other  excretions.  The  investigations  on  whidi  this  sketch 
is  founded  have  been  completed  only  in  the  last  few  years,  and  establish 
finally  the  tmth  of  the  position  held  by  the  older  physicians  and  indeed 
by  the  clinicians  of  this  later  time  also,  that  inorganic  iron  follows  the 
same  course  in  the  tissues  as  food-iron,  although  possibly  more  of  the 
Litter  L»  absorbed. 

Bat  this  explanation  of  the  iron  action  does  not  cover  all  the  diffi- 
culties of  the  case.     Many  cases  of  chlorosis  recover  without  inorganic 
iron  under  hygienic  conditions,  such  as    rest,  and  particularly  when 
foods  ri<^  in  iron  are  prescribed,  this  being  exactly  what  is  to  be  ex- 
ptHTted  OQ  the  theory  that  inorganic  iron  merely  takes  the  place  of  the 
delicieDt  food-iron.      But  many  chlorotic  patients  show  little  or  no 
impcovement  when  treated  with  foods  containing  iron,  even  when  there 
W  Qk>  qoeslioo  that  the  iron  supplied  daily  in  food  form  is  sufficient  for 
the  needs  of  the  economy,  and  chlorosis  even  appears  in  individuals 
wbo  have  never  suflfered  from  any  deficiency  of  food-iron.     Yet  many 
of  these  cases  recover  rapidly  under  inorganic  iron.     V.  Noorden  has 
attempted   to   explain    this    by  supposing   that  inorganic   iron  when 
abt?orbed  acts  as  a  stimulant  to  the  blood-forming  organs,  while  food- 
iDHi  has  no  such  property.     And  some  indications  of  abnormal  activity 
of  the  bone-marrow  cells  have  been  observed  in  animals  supplied  with 
inorganic  iron ;  this  may  not  be  the  effect  of  stimulation  in  the  ordi- 
■ary  sense  of  the  word,  however,  for  it  may  be  explained  by  the  un- 
iK4fid  abundance  of  the  materials  necessary  to  their  activity.     The 
iiilierence  in  the  effects  of  the  irons  of  the  food  and  of  the  inorganic 
preparations  may  be  due  to  the  fact  that  ibod-iron  is  always  accom- 
muied  by  a  large  amount  of  colloid  material,  which  may  materially 
Oelav  its  absorption  while  inorganic  iron  on  the  other  hand  is  much 
kss  cvHiipletely  enveloped,  and  may  be  more  easily  absorbed.     In  ad- 
dition^ the  iron  preparations  are  given  in  much  larger  amounts  than 
the  tiH>d-irons.     When  10  mgs.  (food-iron)  are  taken  per  day,  only  a 
2j4tiaU  proportion  {e.  g.,  5  mgs.)  may  be  absorbed,  and  this  may  be 
iiUMiiKoieut  to  supply  the  needs  of  the  body,  but  if  some  hundreds  of 
willi^rata^  of  inorganic  iron  be  added,  the  proportion  absorbed  will  be 
attiply  suffioieut.     The  same    effect  might  be  obtained  by  the  same 
aujfeouut  of  food-iron,  but  this  is  only  to  be  obtained  by  giving  more 
tiiAKt  than  v.'au  be  digested. 

Itvu  ii*  uot  absorbed  from  the  unbroken  skin,  and  the  iron  and  steel 
t>^h^  ar^  tlierelbre  of  no  value  in  themselves  in  the  treatment  of 
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Tlierapeatic  Usea*  —  Iron  is  most  frequently  lifted  in  tlve  treatment  of 
ph^^rosii^.  which  in  a  large  propc^rtiua  of  cnae^  recovers  entirely  yn<W 
it.  Some  casc\s,  however,  improve  sooiewfiat  under  iron,  hnt  relapse 
when  it  i^  left  off,  and  a  certain  nnmljer  of  patients  show  no  improve- 
meot  whatever  under  it.  The^e  last  are  not  generally  regarded  as 
mShting  from  chlorosis  projwr,  but  from  a  more  malifjnant  tbrm  of 
anfemtn.  A  nuraWr  of  symptoms  which  are  due  to  chlorosis,  and 
which  are  often  more  prominent  than  the  original  disease,  are  also  re- 
lieved or  entirely  reni<jvetl  by  iron.  Thus  gastric  catarrh,  amenorrho[»a, 
or  ledenui  may  disappear  under  it,  but  in  these  eai^es  the  sympti>nii^ 
^«^e  ehlorotic  in  origin,  and  tfie  improvement  is  due  to  the  increaseil 
b»mogh>bin,  and  not  to  the  direct  action  of  iron  on  the  stomach,  uterus 
or  circulation.  In  cfiloro^is,  the  Iron  is  g^^nenilly  {yivt^n  i^i  stnidl  diij^^s^ 
at  any  mte  at  firet,  and  the  h^'^s  a-stringent  preparations  are  preferred 
by  most  clinicians,  althougli  some  still  advise  the  perchloride.  When 
mloTomB  is  compli«ited  with  gastric  catarrli,  some  authorities  advise 
ihot  the  latter  he  treated  before  the  general  condition,  as  iron  in  itself 
18  liable  to  irritate  tlie  stomach.  In  many  ctises,  however,  the  catarrh 
is  secondary  to  the  cblon^is,  and  can  only  be  treated  succ4?8sfuUy  by 
improving  the  condition  i»f  tlic  bhxid  ;  the  iron  preparation  here  ought 
|0  Ije  mild  anc!  nut  irritating.  In  chlnrusis  tfie  tendency  to  consti|>a- 
lion  may  1m>  increased  l>y  iron,  and  a  purge  is  nften  required,  such  a*^ 
ihe  iron  and  aloes  pill,  wtiieh  is  particularly  recommended  when  chlo- 
nma  \b  attendetl  by  amenorrhiea. 

Tron  U  of  less  value  in  other  forms  of  ana&mia.^lthough  it  is  often 
jreseribinl  and  niav  be  followed  by  ftftf"*^  '"ipn^Y^^Ufllt  Tims  it  may 
be  administered  during  convalescence  from  acute  disease,  such  aa 
typhoid  fever,  or  nephritis,  and  in  the  amemia  induced  by  profuse 
biemorrhage,  iron  often  seems  to  acoelenUe  the  recti jH'nition  of  the 
blood.  It  is  often  prescrilx?d  for  the  cachexia  of  malaria,  syphilis  atid 
other  chronic  dist/ases, 

In^n  is  said  to  Ix*  contraind tested  where  there  is  fever,  in  plethoric 
individuals  w^ith  a  tendency  to  luemorrhatres,  and  in  some  form^  pf 
heart  di?^ease.  In  these  conditions  the  in>n  prepirations  can  harm 
only  fn>ni  a  reflex  indue<^d  from  the  stomach,  as  the  small  quantity  of 
ln>n  ubsorljcd  is  incapable  of  ^^roducing  any  e fleets  in  tlie  tissues.  In 
phthisis,  it  is  very  generally  cre<litfc*d  with  causing  haemorrhage  from 
tbe  Itings,  but  it  may  be  questionetl  how  far  this  apprehension  is  Imsed 
oa  observation,  and  how  far  it  is  a  r<4ie  i»f  ohi  and  forgotten  tln'orie^ 
of  the  iiction  of  iron.  It  has  to  l)e  given  with  nitition  here  in  order 
to  avoid  irritation  of  the  stomach  and  dysj>e|isia,  and  in  the  pR*sencc 
of  gastric  catarrh  from  any  cause,  its  effects  have  to  be  watched  care- 
fiilly. 

2?kiii]e  of  the  older  authorities  advise  iron  to  be  given  in  large  quao- 
titica,  but  the  dose  has  l>een  retlnced   of  late  years  to  alNUit    0,1 -4), 2 
G.  (2-;i  grs.)  three  times  a  day.      It  is  ^iven  nfter  menls   in   order  to 
i^void  the  irritant  action  on  the  stotnach  as  far  as  pcissible.      It  is  to  be 
that  on  giving  OA  G.  of  irc>n  three  times  a  day,  about  Uiirty 
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times  as  much  iron  is  given  as  is  required  normally  in  food,  so  that 
the  chlorotic  receives  more  iron  per  day  than  a  workman  in  a  montL 

Iron  is  occasionally  injected  hypodermically,  with  the  object  of 
avoiding  the  irritation  of  the  stomach,  but  this  procedure  is  painftl 
and  causes  some  swelling  and  irritation,  which  lasts  twenty-four  hoore 
or  more.  Most  of  the  salts  are  precipitated  at  the  point  of  injection, 
but  some,  such  as  the  citrate,  are  taken  up  by  the  blood  at  once ;  the 
danger  of  renal  irritation,  anticipated  by  Kobert,  does  not  seem  to 
arise  if  small  quantities  are  used.  The  citrate  and  pyro-phosphate  in 
5  per  cent,  solution  have  been  used  in  this  way,  0.05—0.1  G.  (1—2  grs.) 
of  the  salt  being  injected  daily.  The  hydrate  and  oxide  have  also 
been  injected,  suspended  in  salt  solution,  but  are  somewhat  more  irri- 
tant, while  the  peptonate  is  recommended  as  being  almost  devoid  of 
irritant  qualities. 

Iron  has  been  recommended  in  erysipelas,  but  has  proved  valueless 
in  the  hands  of  most  investigators.  Some  of  the  iron  salts  are  employed 
as  Astringents,  the  most  popular  preparations  for  this  purpose  being  the 
ferrous  sulphate,  which  has  been  used  to  some  extent  in  diarrhoea,  and 
also  externally.  Thft  x^fihlpri^^  ^°  porhaps  the  best  Stamtic-  of  its 
class.  When  applied  to  a  bleeding  point,  it  precipitates  the  proteids  of 
theblood  plasma,  and  thus  forms  an  obstruction  to  the  flow  of  blood 
similar  to  that  caused  by  clotting,  although  no  fibrin,  but  only  a  mass 
of  iron  albuminate,  is  formed  by  the  perchloride.  This  styptic  action 
is  of  value  in  capillary  and  recurrent  haemorrhage,  while  in  bleed- 
ing from  an  artery,  the  ordinary  surgical  methods  are  of  course  pre- 
ferred. The  chloride  arrests  haemorrhage  only  when  it  can  be  brought 
into  actual  contact  wit Ji  the  bleeding  point,  and  where  this  is  covered 
by  a  large  mass  of  semicoagulated  blood,  the  treatment  is  of  no  avail, 
as  it  simply  forms  the  albuminate  with  the  blood  with  which  it  comes 
into  contact  first,  and  this  may  be  far  from  the  actual  point  of  rupture. 
As  an  application  to  the  stomach  and  bowel  in  haemorrhage  from  these 
parts,  the  perchloride  is  unlikely  to  prove  successful,  while  in  bleed- 
ing from  the  nose,  or  gums,  or  after  the  extraction  of  a  tooth,  it  is 
more  reliable.  It  has  been  injected  into  the  uterus  in  haemorrhage, 
into  naevus  in  order  to  cause  coagulation  and  subsequent  cicatrization 
of  the  tissue,  and  into  aneurisms.  This  is  a  very  dangerous  treat- 
ment, however,  for  several  cases  of  fatal  embolism  have  arisen  from 
the  ])recipitated  albuminate  being  carried  ofl*  in  the  veins.  Perchloride 
of  iron  solution  has  been  sprayed  into  the  air  passages  in  haemoptysis, 
but  if  sufficiently  concentrated  to  coagulate  the  blood  at  the  bleeding 
}>oint  in  the  lungs,  it  would  certainly  induce  irritation  and  coughing. 
The  j)erchloride  is,  of  course,  valueless  in  haemorrhage  from  internal 
organs,  for  in  the  first  place,  very  little  of  it  is  absorbed,  and  in  the 
second  place,  what  does  pass  into  the  tissues  is  already  in  proteid  com- 
bination, and  therefore  incapable  of  coagulating  the  blood.  The  same 
objoction  applies  to  the  alleged  astringent  effect  of  iron  in  nephritis. 
It  is  ]x)ssible  that  iron  may  lessen  the  albumin  in  the  urine  in  these 
cases,  although  the  clinical  evidence  is  contradictory  on  the  subject^ 


moy. 


m'j 


[but  it  is  absolutely  certain  that  it  does  not  do  so  by  any  local  a<*tioa 
on  the  alburain  in  the  kidney. 

The  siiljjiate  gf  '^r^n  !><  ai>4^d  ''r^  j}  flisinfectatit  for  >^ewage.  It  acts 
here  merely  by  preoipitatjiig  tfu*  pmtiJiLY  which  carry  down  the  bac- 
tcrii^nechaiikaiJij^  The  proteids  uf  the  sewage  may  be  inereaBHl  by 
the  addition  of  blood  before  the  stdphate  is  applied.  The  sulphate  of 
iron  i*  usedi  because  it  is  cheaper  than  the  other  salts  of  the  heavy 
metals. 

Prepail\tiok8. 


Ferri  Chi^tridum  (U.  S,  P.),  fenrie  chloride  (Fe,Cl.+  12H,0),  omnge  yellow 
CTy stills,  with  ti  i^trong  astringent  tast<%  verj*  deli quesceiU  in  iiir,  stiluhli*  in 
water  and  alcohol. 

Liquor  Frrri  Chloridi  (IT.  S.  P.),  a  S4>hitioii  of  ferrie  chloride  containing 
about  87.8  per  cent,  of  the  anhydrous  ?^tilt  or  ahout  13  per  rent,  cjf  irun» 

TiNCTrR.\  FKRRr  C^iA\uM^j  (U.  8.  P.)  is  formed  from  the  licpior  by  dilut- 
ing It  with  *i  i>arts  of  ah^ohoK     0.5-2  c»c.  (8-^^0  naiuH.). 

Liquor  Fcrri  Perckk^ridi  Fortis  (B.  P,)  is  formed  by  dissolving  iron  in  hy- 
drochloric acid,  iiud  conlains  22*  per  cent,  of  iron.  It  is  an  onin^c-browo 
fluids  with  a  strcmg  tL^tringcnt  U\»U\ 

Liquor  Ferri  Ferchhridi  (B,  P,)  and 
^  TjJicmsUi  Fkuri   pKRCHLOItmi  (B.  P,)  ore   fomiefl  hy  diluting  the  jitrong 
liquor  with  3  timeJ*  as  mueh  water,  and  with  two  parts  of  watt-r  and  one  of 
11 1  CO  hoi  rt^pectively.     5-iri  nvin8. 

Thi'  cliloride  is  u.^ed  us  a  styptic  either  aa  the  Liquor  Fortis  (B,  P.)  or  in  m 
very  much  strivtiger  form,    prepared  by  allowing  the  crj'stnis  to  dclique>sce« 
A  l»lug  of  eotUin-wix)]  stt'Oped  in  the  solution  is  used  to  stoj*  hlw!d^i|y  iifl45rl 
the  extraction  of  teeth,  and  tlie  litinor  has  been  injected  into  the  nUrns  in[ 
hjemorrhage^  an<l  into  aneurisms  and  na'vi.     When  diluted  it  may  IrmisihI  i 
as  a  gargle,  but  hiis  u  di.sagrceahle,  inky  taste,  and  attacks  the  teeth.     The 
tincture  is  very  commonly  used  in  the  treatment  of  chlon»gis.     It  ought  to  l>o 
tAken  in  a  glass  of  water,  and  through  a  quill  or  glass  lube,  in  order  to  avoid 
injury  to  the  teeth. 

Liquor  Ferri  yitratis  (IT,  R.  P.),  an  aqueous  solution  of  ferric  nitrate) 
(Fe,(  NO  J^),  containing  a  Ixjut  6.2  per  cent,  of  the  an  hydrous  sail  and  almut 
1,4  per  eent,  of  metallic  iron.      1-2  c.c,  ^15-30  mins.). 

Liquor  Ferri  Nilratij*  (B.  l\)  ci»ntains  3.3  percent^  of  iron.     5-15  miua*l 
^Uaed  as  an  ustriiigenl  to  a  limitM  extent, 

liquor  Frrri  Teri*ufphatiti  (P.  H,  P.)^  Liquor  Ferri  Permiif^hntis  (B,  P.),  a  »0- 
'  ItiUon  of  ferric  sulphate  (Fe,(80Jj),  is  used  only  for  the  preparation  of  other 
iron  aaltfi. 

Li^or  Ferri  Suh^ulphati*  (V,  S,  P.),   Monsers  solution,  an  aqueous  soltt* 
lion  of  basic  ferric  i^utphate  of  variable  cheniic4d  composition,  and  conti|initi£ 
13.8  per  cent,  of  metallic  iron.     0,2^0. t5  c.c.  (3-10  mina)«    Used  as  an  ' 
i agent  gargle^  and  in  general  like  the  chloride* 

FgRBj  SfTT.PHAs  (U,  S,  P.,  B.  P.),  ferrous  stdphate  (Fe80,4-7H,0),  hirge, 
mle,  biniHh-gi'ccn  crystals  with  a  saline,  astringent  taste,  soluble  in  water, 
LBiBolubla  in  alcohol,  and  unstable  In  moist  air,     0.05-0.3  G.  H-j  gr^^- 

Ferri Sulpha*  Oranulatun  (U.  S.  P.),  reerystnlli^d  fernius  suTphatein  very 
ill  erystuls,     0  O.VO, 8  f  J.  ( 1-5  gii!.). 

Ferri  Sulpha  Exmccntun  (U.  S.  P.,  B.  P.),  dried  ferrous  sulphate  (2Fe80, 
l+3H,0),  ordinary  sulphate  fVom  which  most  of  the  wat-er  of  crystallization 
llttB  been  driven  otr  by  heat.  A  grayish  white  powder  resembling  the  ordi 
[jiary  sulphate  in  its  solubility.     0.03^.2  f».  (j^*^  grs.). 

Ffrri  H  Ammonii  Sutphait  (V.  8.  P.),  ammonio  ferric  sulphate  or  ammonio* 
ferric  alum  (Fe,(NHJ,(80J,f  24H,0),  is  a  double  salt  fonatog  piile  violet 
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cary&Ms  with  an  acid  astiingcmt  lofite — soluble  in   wairr,   n&t  in  ale 

The  eiilphate  of  iron  is  very  astringent,  though  less  so  than  tlie  ferric  i 
It  114  used  as  au  astringent  application  to  mueouij  membranes,  such 
eye,  mouthy  nrethini,  more  rarely  internally  in  ana;niia^  although  it  a ; 
hrilantthan  the  chloride. 

The  riL  Alw^  rt  Ferri  (U,  8.  P.,  B.  P.),  which  is   u&ed  veiy  lai 

aenorrhu^A  and  in  chlorosis  with  ounstipation,  contains  dried  gulpl 
Lin.      Dose,  B.  P.,  4-8  grs. 

Ferrum  (U.  8.  P.,  B.  P.),  metallic  iron  in  the  shape  of  6n6  wire  is  iu«dj 
to  form  other  prejuirations. 

Fkuhim  JtRiirtTrNj  (XT,  S.  P.),  Ferrum  REDArrrM  (B.  P.)»  retJucrdl 
a  very  line  grayish-liltuk^  lustreless  powder^  without  taste.  Insoluble  in 
or  alcohol,  soluble  in  acid«     It  consista  of  metallic  iroOp  with  a  small 
of  the  magnetic  oxide.     0.05-O.fi  G.  (l-o^gr^^). 

TSrochiacvs  Ftrri  Bedacli  (B.  P.),  each  contains  1  gr.  of  reduced  iroit 

Ffpiii  iUfiimv4fl  ftAcrHARATus  (U.  B.  P.,  B*  P.),  saccharat4L^  fcrroiii( 
bitnate,  is  formed  by  precipitating  ferrous  sulphate  with  sodium  bicarl 
(ummonium  carbonate,  B.  P,),  wiishiug  the  precipitate  and  adding  KUjkwr. 
contains  ferrous  carbonate  along  with  dome  ferrous  sulphate  and  sodiuinj 
carbonate  (U.  B.  P.),  and  is  a  greenish-brown  piowder,  which  raf^idly  oxjT 
in  the  air,  and  luis  a  sweetish^  astringent  taste^     The  carbonate  is  a 
nu8 table   Iwdy,   and  on  keeping  is  js^Iowly  transformed   to    ferric   hj 
(Fe,tOiI)J.     The  sugar  is  added  in  order  to  retard  this  oxi^iation,  but 
carbonate  ought  not  to  be  dispensed  unless  it  is  of  recent  preparatiun,    Q.I 
2  G.  (1(^:^0  tfrs  % 

PiLUL.»:  Fkrut  r?ARHnvATTa  (U,  s,  p.)^  PiLruk  Fersi  (B*  R)»  femigiacNa 
or  chiilybcate  \n\\^,  Bh\vu^^~i{AA>,  are  prepared  in  the  same  way»  by  the »c* 
lion  of  ferrous  su'phate  and  caroonate  of  potash  or  soda.     Sugar,  trtigBOUith 
II nd  glycerin  are  added  ;  they  ought  to  be  freshly  prepared  in  order  toafwid 
the  formalion  of  the  hydrate.     Each  pill  {U.  S.  P,)  contains  about  Oflfr 0, 
(JLfi^J  of  iron,  that  is,  5  grs.  contain  about  1  gr.     A  method  of  ket ; 
curbonale  aud  the  sulphate  apart  until  actually  swallowed  has  be*' 
tised,  tlie  two  being  given  in  a  capsule,  but  being  separated  by  a  nn 
which  is  dissolved  off  in  the  stomarh.     This  same  efltx-t  w  ould  Ix*  obt;j 
givijig  thera  entirely  separate,  and   it  is  extremely  improljable  ihat  the<^- 
lK>nate  is  formed  in  the  acid  contents  of  the  stomach.      1-5  pil^  U.  S,  P.,  ^ 
15  grs,  B.  P. 

Massa  Ferri  Carhtmaiw  (U.  S.  P.),  Yal lets'  Mass,  is  formed  by  the  sctioo 
of  ferrous  sulphate  and  sodium  carbonate.  Sugar  and  honey  are  added  to 
the  precipitate  to  form  a  mitss  of  the  proper  consistency  for  pills.  Tta& 
preparation  has  never  enjoyed  the  popuhtrity  of  Blaud'S  pills  and  is  8ape^ 
flyaiis.     0.2-0  a  G,  (»-5  gt^.). 

Mi  ST  UK  A  Fei^ri  ru3irosiyA  (U,  S.  P,,  B,  P.),  Griffith's  mixtiire.  is  formwl 
by  mixing  ferrous  sulphate,  pot^i-ssium  carbonate,  myrrh,  sugar,  ^>^r\^^  ^^ 
lavender  (nut meg,  B.  P.)  and  rose  water.     The  ferrous  carbonate  (F«  > 
X*reci  pita  ted  ami  the  mixture  has  therefore  to  be  shaken  before  tiikitr, 
ought  t+>  be  freshly  prepared.      lo-IlQ  9^0.  (J-l  fl.  dr.). 

Reduced  iron  and  the  four  carbonate  preparations  are  used  exclusivdyiB 
the  treatment  of  aniemia.  They  are  practically  devoid  of  irritant  propcrt*esy 
and  are  among  the  best  of  all  the  inni  prepamtiona  for  this  purpose.  Th* 
Bland's  Pills  have  in  parlieular  a  well  merited  reputation  in  the  tri'almriil 
of  chlorosis  and  of  chl orotic  amenorrhfca.  Another  preparation  n»rd  for 
this  purpose  but  not  otlicial  is  Femnn  Diah/sattitn  in  which  a  consitl<^ni"i'' 
amount  of  iron  oxide  is  kept  in  a  semi-colloid  state  dis*:olved  in  amiuiBJ^® 

Qount  of  the  chloride.     It  tastes  of  iron  but  is  not  astringent. 
i^FerH    O^idmn    Bijdratitm    {l\     S.    P.),     ferric     hydn\te,    or    hydroxid«_ 
^(OFDJ,  a  brownish-red^  pasty  mass,  insoluble   in   water  or  alcohol 
ible  in  hydrochloric  acid,  is  used  almost  exclusively  in  ihc  trentmcuU 
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pcMsoniDg,  as  it  fonnB  an  insoluble  compouad  with  it  in  llie  stomach, 
it  to  be  freshly  prepared^  as  otherwise  it  forniB  particles  which  c3om* 

iwtth  j^reatcr  (lilficuUy  with  the  poison. 

^  HtidnUinn  cum  Jlaf^nesia  (IT.  8.  F»)  is  formed  by  preeipi tilting 
o  by   magrusia  arnl   is  ubc^I  in  arsenie  puiKtioing  awd  known 
)  auTsenic  antidote.     Both  of  those  preparations  have  to  be  given  freely  i 
poisoning,  at  least  15-20  0.  {l  oz.).     The  remedy  is  harmlt^s  ill 

m  Ferri  (U.  S.  P.)  and  7\^chiHci  Ferri  (TJ.  B,  P.),  iron  plaster 
Iroo  lozenges,  are  prepared  from  ferric  hydrate^  bnt  are  not  n^ed  ia 
,ioe.     The  plaster  has  nu  elll-et  except  that  of  giving  mechanicid  sup-. 
iron  is  not  ab^irbed  by  the  s^kin. 
Ftrri  Acettifis  (U.  8,  P.,  B.  P.),  an  aqueous  solution  of  the  acetate 
!jH,Oj),),  containing  about  31  per  cent,  of  the  sjilt  or  about  7.5  per 
of  iron.     O.S-1  c.c.  (5-15  mins  ). 
F^rri    VaUriafUis  (U.  S*   P.),  ferric  valerianate^  a  dark,  brick -red,  amor- 
powder,  having  the  odor  of  valerianic  acid  and  a  mild,  astringent 
I,  insoluble  in  water^  soluble  in  alcohol.     0.05-O.Ii  G.  (1-5  grs.). 

t  tAictas  (U.  S.  P.),  ferrous  lacUite  (Fe(Cj,H30,),  -f-  3Hp),  pale,  green- 
is,  having  a  slight  odor  and  a  mildly  astringent  luste,  soluble  in  40 
of   water,  more  so   in  alkali  citrate  solutions,   insoluble    in  alcohol. 
L05-0,3  G.  (1-5  grs.). 
The  lactate  k  contained  in  the  Syrupus  Hifpophoufphitum  cum  Ferro  (XJ*  8.  P*), 

'  cc  i\-\  fl.  oz;). 

F*rri  Citrus  {V.  B.  P,),  transparent,  garnet-red  scales  with  a  slight  iron 

0,05-0.3  G.  (1-5  grs.). 
Liquor  Ferri  Citratm  (U.  S,  P.),  an  aqueous  solution  containing  about  7} 
percent,  of  iron.    *0.3-l  c.c.  (5-15  mins.). 

Ferri  Phottphaa  (B.  P,),  a  powder  containing  not  less  than  47  per  cent  of  by* 

irons  ferroUK  |ihosphatc(Fe,(PO^)^HH30),  with  ferric  phosphate  and  some  iron 

ie.     It  is  a  slate- bhu%  amorphous  powder,  insoluble  in  water.     5-10  grs, 

U9  Ferri  FhoephatU  (B.  P.).     1   11.  dr.  represents  1  gr.  of  anhydrous 

phcHiphate.      \-\  tl.  dr. 

F^rri  Phoftphoa  Soluhili^  (XT,  S.  P.).     The  phosphate  of  iron  is  insoluble  in 

itselff  but  is  rendered  soluble  by  the  presence  of  sodium  eitmtc^^ — Ihin^  green 

kales  with  a  saline  taste,  insoluble  in  alcohoL     0.1-0.5  O,  (2-8  grs.). 

Ferri  Pyrophn»pha9  SolubUw  (U.  S.  V,),  like  the  phosphate,  is  rendered 
oluble  by  aodinm  citrate,  and  resembles  it  in  its  appearance  and  solubihty. 
tl-0.6  G.  (:2-8  grs). 

Ferri  Hifpoj^hoHphia  (U,  S.  p.)  (Fe,(PIl,0,)J,  a  white  powder,  odorless 
iRld  nearly  t^iateless^  almost  insoluble  in  water,  but  dissolved  by  solutions  of 
[he  alkarf  citrates.     0.3-1  G.  (5-15  grs.),  in  pill. 

L Ferri  lodidum  Sacchuratum  (U.  S.  P.),  saccbarated  ferrous  iodide,  a  yel- 
Drish-white,  ver>^  hygroscopic  powder  with  a  sweetish,  iron  taste,  soluble 
in  water,  less  so  in  alcohol.     0.1-0, 3  CJ.  (2-5  grs,). 

Pihilsc  Ferri  lodidi  (V.  8.  P.),  each  contains  0.04  G.  of  iron.     1-2  pills, 
Syrupus  Ferri  Italidi  (U.  8,  P.»  B.  P,)  contains  abont  1.8  jk^t  cent,  of  iron* 
B-A  G.  (i-l  fl.  dr.). 

Ferri    Ar^enas    (B.    P.),     iron    arsenate,     consists    of    ferrous    arsenate 

(F^(Ai*0^)„,  OH,G),  with   ferric  arsenate  and  some  iron  oxide,  and  forms  a 

ivteless,  amorphous  powder  of  a  greenish  eolor^  insoluble  in  water.     ^^-}  gr. 

These  preparations  have  all  been  prescribed  to  a  greater  or  less  extent  in 

the  treatment  of  anaemia,  the  lactate,  phosphate  and  pyrophosphate  being 

aps  more  widely  used  than  the  others.     It  is  needless  to  repeat  that  the 

lerianate  is  not  of  greater  value  in  hysteria  than  the  other  prepanitions,  as 

erianic  acid  is  useless  in  this  condition.     The  iodide  lias  been  advised  hi 

If  to  combine  the  effects  of  iodide  and  iron,  but  the  iodide  given  in  this 

19  in  much  smaller  quantity  than  that  fmmrl  neecssary^  in  the  iodide  of 

tr^tmcut,  and  it  seems  open  to  questiou  whether  the  improvetneut 
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is  not  due  to  the  iron  only.     The  hypophosphite  is  also  used  In  cacheiui,  \h 
order  to  combioe  the  hypophosphite  and  tlie  iron  etlects, 

Ferri  et  Qitinhue  Citras  (U.  S.  P,,  B,  P.),  thin  srales  of  a  reddifih-bwim 
color,  and  of  a  bitter,  iron  taate,  slowly  Buluhle  in  water,  partially  soluble* b 
alcohol,  eontaiiiing  11.5  i>ercent.  of  quiwrnu  and  14.5percent  of  irt>ur.&.P, 
0,3-0,6  G,  (rVlO  gj-s.). 

Ferri  et  Quint n4^  CUras  Sohtbilw  (U,  B,  P.),  thin  scales  of  a  grecDtsli  cwlnf 
and  of  a  bitter,  iron  tast^,  easily  soluble  in  water,  only  partially  in  tilwAnl 
It  contains  the  aanie  amount  of  iron  aiitl  quinine  as  the  ordinary  prejmralioiL 
0.3-0.6  a.  (5-10  grs,)- 

Ferri  et  Strtfchninie  CHtras  (II,  B,  P.),  thin^  transparent  scales  of  garoet-red 
or  yellowish-brown  color,  readily  soluble  in  water,  conlainiDg  about  1  ji^r 
cent,  of  strychnine  and  about  l*i  per  cent,  of  iron.     0.1-0,3  G.  (2-5  grs,)- 

^^wViV"^  ^^T*'^  Q"inm''  ^^  Sfrfu^fiftins*'  rkmthfituw:  i^-  s.  P.),  Sffruim*  Frm 

Phoftphatis  rum  (^uinina  et  Strtfchnina  (B,  P. ).  2-4  c.c.  (j-1  fl.  dr.). 

Ferri  et  Ammonii  Cttran  (U.  S.  P.,  B.  P.),  thm  garnet-fed  scales  with  an 
acid,  iron  tii^ste,  soluble  in  water  aud  contiiining  16  per  cent.  iron.  0,H-Oi 
G.  (5-10  grs,). 

Ferri  et  Amnionii  Tartras  (U.  8.  P.),  thin»  transparent,  garnet-red  scales, 
verj'  soluble  in  water  and  containing  about  17  per  cent,  of  iron.  O.S-0«6G, 
(6^10  grs.), 

Ferrf  et  Potmtfii  Tartrm  (U.  8.  P.),  Ferrum  Tartar(itym(B,  P.)  resembles  the 
last  preparation,  but  contains  only  about  15  per  cent,  of  iron.  0*3-0.6  G. 
(5-10  grs.). 

Liqiifn^Fem  ft  AmtminU  A^^M^^U^B^,XJimhsim'HMdJSJSS^^  contaias 
only  a  very  sniall  proportion  of  iron,  along  with  acetic  acid,  ammomnm 
acetate,  aromatic  elixir  and  glycerin.     15-30  c.c.  (}-l  fl,  oz.). 

Vinum  Ferri  (B.  P.).     1-4  H.  drs. 

Viiium  E*'*^'  ^^ar^^  (V-  ^^  P*)'    .8-15  c^c.  (2-4  fl,  drs.), 

llnum  Ft^-^  r^if^i^'^  (tJ.  s.  P.,  B,  P.).     4-15  oc.  (1-4  fl,  drs.). 

The  two  wines  of  iron  of  the  V.  B.  P,  are  priicncaOy  identical  except  that 
the  first  contains  the  citrate  of  iron  aud  quinine,  the  .second,  the  citrate  of 
iron  and  ammoninin.  Each  is  maile  up  with  tincture  of  sw*eet  orange  peel, 
synip  and  \^'hite  wine.  The  iron  wine  of  the  B.  P.  is  formed  by  dissolving 
iron  in  sherry  wine,  the  citrate  of  iron  wine  by  dissohing  the  citrate  in 
orange  wine. 

The  donble  salts  of  Iron  (scale  preparations)  and  the  wines  are  used  to 
some  extent  in  chlorosis,  but  more  frequently  in  convalescence  from  aeute 
fevers,  which  is  otlen  attended  by  anaemia ;  in  these  cases  the  iron  wine» 
are  ollen  of  considerable  value.  The  double  salts  are  not  so  liable  to  disturb 
the  digestion  as  the  other  si^lul^le  prepamtions  of  iron,  but  are  not  superior 
to  the  carlionate  preparations  and  the  reduced  iron  in  this  respecL 

Iron  is  conl*iined  in  nuiny  miTierifl  waters^  which  are  therefore  advised  in 
cases  of  anaemia.  It  is  generally  in  the  form  of  the  carbonate,  which  is  dis- 
solved by  the  excess  of  carl)onic  acid  present,  but  becomes  oxidized  to 
the  insolnble  ferric  hydrate  in  the  air.  The  amount  of  iron  contained  is 
small,  seldom  l»cing  more  than  0.1  ih  per  litre,  hut  the  treatment  of 
i^hlorosis  is  unquestionably  aided  by  change  of  scene  and  in  particular  by  the 
high  elevations  at  whirh  many  of  these  springs  are  situated,  so  that  the  suc- 
cess of  treatment  with  these  iron  waters  is  pi^rfectly  intelligible.  Bathing  in 
iron  water  has  no  further  action  on  the  blood  than  ordinary  baths,  as  no 
iron  is  absorbe<L 

Many  Proteid  Compounds  of  iron  have  been  introduced  into  therapeutics 
in  the  la^^t  few  years,  but  few  of  them  need  he  mentioned,  as  a  large  number 
of  them  promise  to  be  relegated  to  merited  oblivion  in  the  near  future.  The 
albuminate  of  iron  and  the  peptonate  of  iron  are  generally  prepared  by  the 
action  of  the  chloride  on  e^  albumin  or  on  peptone,  and  ditTer  very  eousitb 
erably  in  the  percentage  of  iron  contained.  In  most  of  them  the  albn- 
xninate  or  peptonate  is  acoompauied  by  more  or  1^5S  perehloride  and  oxide. 
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|iaiutioD«  are  nut  **  orgainic  *'  mm  in  the  sense  defined  on  page  65VI, 
n  can  be  »piit  oiY  eadlyf  and  m  prei!ipit4ited  by  suJpbides  atmost' 
as  readily  a^  the  ordinary  Baits.  The  albuminate  and  peptouate  possei^  no 
didvautage  over  the  usual  preparation:^,  unie:^"}  they  ]»rove  lens  irrit^int  tu  the 
otoiaach,  and  of  thi^  there  i^  no  satisfactory  evi deuce.  Soluble  peptouatcand 
&ibumtnate  of  iron  are  put  ou  the  market  by  a  number  of  raatkufaoturersj. 

Schmiedeherg  foutid  in  the  liver  an  iron  compound  whifh  doe^  not  seem 

to  re^mble  the  ordinary  Aaltt?,  for  it  is  ouly  blackened  by  snlphided  afUT 

sometime^  and  in  otber  ways  shows  resemblaueeij  to  the  **  organic  iron/* 

gueh  a*  the  hiematogea  of  the  yolk  of  egg.     It  would  seem  to  stand  midway 

between  the  ordinary  dissocialile  Siiltrf  and    hanuoglobin,  for   it  re^iets   to 

ammonium  sulphide  more  tardily  than  the  former,  while  the  latter  is  not 

ftdfected  by  this  reagent,     ^cbmiedeberg   named   tbis   compound,  which  is 

I  an  irou-couUiining  proteiil^  FerraHii.     He  attemptt^d  to  form  a  similar  sub- 

I  Btatice  synthetically  from  the  white  of  ei;i?,  and  obtained  a  body  containing 

t  0^  per  cent,  of  iron,  w^hich  reacted  similarly  with  sulphide,  and  wiiich  be 

lailed  to  dissociate  by  electrolysis,     Believiug  it  to  be  identical   wlih  tl»e 

hepatic  fernitln,  he  advised  us  use  iu  chloroals  as  being  a  natund  food  iron. 

It  is  impossible  to  state  from  these  roactious,  however,  that  tbe  two  sub- 

L  aUmcesr — the  hepatic  and  the  artiliclal  ferrutin^ — are  identicaU  and,  in  fact, 

Ubusallum  finds  that  the  former  fails  to  give  the  hjematoxylou  teet^  while  ihc» 

|lMeT  yields  it  readily.  * 

Artificial  ferratin  is  partially  decompoae<l  in   the  stomach  iiit^.)  ordinary 

inorganic  salts,  bnt  there  seems  reason  to  beheve  that  it  is  jibsorl>ed  more 

ily  tliati  the  U'^iial  pre  pa  nit  ions,  and  it  in  not  irritant  to  the  stomach  and 

not  often  gi\'e  rise  to  dyspepsia.     On  tbe  whole,  ferratin  seems  a  good 

ration  for  use  in  chlorosis^,  bnt  possesses  no  such  s^>eeifi<!  virtues  aa  have 

attributed  to  it  by  enthuiibiastie  advocat^-^^  and  it  has  the  dtaad vantage 

i  of  being  very  much  more  ex[»eusivu  than  most  other  prepi\nitionrt.     It  is 

given  In  powder  or  pill,  or  in  solutiou  as  a  sodium  com|>oundj  in  quantities^ 

of  0.r>-L5  G.  (8-20  gra.)  per  day. 

Camiferrin  is  an  iron  compound  of  carniphosphortc  *  (phosphoaarkinio) 
acid,  which  is  obtained  from  beef  extract.  It  contains  35  jicr  cent,  of  iron, 
and  seeiuii  to  bear  tlie  same  relation  lo  the  inorganic  salts  and  to  haemo- 
globin as  artificial  fermtin,  for  while  it  reacts  slowly  t*>  sulphide,  it  givcu  the 
li4£matoxylon  tt^t.  It  has  been  highly  recommended  in  chlorosis,  as  it  does 
not  irritate  the  stoimich  and  is  rajiidly  abm>rbed.  It  is  given  in  dose«  of 
0.5  G.  (8  grs,)  three  times  a  day  iu  powder,  and  like  ferraUu,  is  soluble  in 
alkaline  sohitions. 

The  hmmcUogenr  of  the  yolk  of  egg,  another  organic  iron  of  the  fUime  type 
■a  ferratin  and  Ciirniferrin^  is  obtained  in  too  small  qmiutity  to  be  available 
Ibr  therapeutic  use»  but  seems  to  be  al>surbed  readily. 

Oiher  proteid  compounds  which  have  been  advised  are  formed  from  yolk 
of  egg  or  from  casein,  by  the  addition  of  iron  saltis. 

Btood  has  been  used  tu  therapeutics  by  uneiviliseed  peoples  sinoe  time 
unknown,  and  has  a  bo  been  reeommendtxl  in  modern  medicine  in  the 
treatmeut  of  chlorosis,  in  which  it  is  administered  by  the  mouth,  and  also 
hypodermicatly,  though  the  latter  method  is  dilticult  to  carry  out  aaeptically. 
Mmwmghbin  has  also  bei*ii  advertised  largely  of  late  years  io  a  more  or  leas 
iiHipiiro  form«  In  the  stomacli,  haemoglobin,  whether  txmtained  in  blood  or 
m  oryilftla,  Is  ehaoged  to  hmmatin ;  Abderhahlen  found  that  both  hiooMK 
globtn  and  hte matin  are  absorbed  and  lead  to  au  increase  in  the  hasinogto*- 
bin  of  the  blood.  Hmniol  and  h^emoffalUd  are  prepared  from  blood  by  agltnt- 
Ing  it  with  zinc  and  with  pyrogallol  respectively,  and  have  tieen  «*trongiy 
fooommended  by  therr  discoverer,  Kobcrt,  and  by  some  clinidans,  bnt  liave 
found  by  others  of  less  value  than  the  old  inorganic  suits. 

<  Oumijihoitphoric  or  phosphcMiirkinio  neid  (Oer*,  Flei«di^ur»)  U  a  cemiioiind  of 
IMhoficaeM  mad  antipcptone  (CV^uNiUg). 
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The  ** organic'*  iron  preparations  therefore  seem  to  have  little  toi 
mend  them  as  superior  to  the  **  inorganic,*'  except  that  ferratin  and  ( 
ferrin   are  probably  more  rapidly  absorbed^  and   are    less   liable  to 
dyspepsia  than  many  of  the  older  salts.     Where  there  is  special  difficull 
admiiiistcnng  tht?  more  commonly  used  forms,  these  two  may  be  sub 
for  them  with  adviiolage,  but  they  seem  to  be  unnecessary  in  ordinary  ( 
In  regard  to  the  other  pix»parations  mentioned,  further  and  impartial  i 
tigation  is  required  before  their  place  in  therapeutics  can  be  determined 
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IV.    LEAD, 
Lead  is  used  to  some  extent  in  therapeutics,  but  its  chief  I 

from  a  medical  point  of  view  lies  in  tin*  fret|ueacv  with  which  lip"^ 
rise  to  chronic  poisoning,  and  in  the  diversity  of  the  symptoms  Y^ 
Bentc^  in  that  condition. 

Solutions  of  lead  salts  precipitate  albumin,  and  the  pr^ipitate  is 
more  dense  and  lieavy  than  that  of  mercury,  and  is  insoluble  in  exc^ 
of  the  salt.  This  precipitate  is  formed  when  lead  solutions  are  appW 
to  the  mucous  membraneSj  and  protects  them  from  the  penetratiofl  »>' 
the  metalj  so  that  lead  is  one  of  the  least  corrosive,  and  one  of  theBWd 
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astri  agent  of  the  heavy  me  tab.  This  absence  of  csorrosion  is  only  in 
part  clue  to  the  character  of  the  precipitate,  for  lead  ioriiis  iusoluble 
aocl  therefore  non-irritaiit  salts  with  two  of  the  most  eorroisive  acids^ 
hydrochloric  and  sulphuric  acids.  The  soluble  nitrate  of  lead  is 
jBuniparativety  irritating  because  it  is  readily  dissociated  and  also  be- 
luse  the  nitric  acid  formed  by  its  contact  witfi  proteid  is  itself  corro- 
sive. Tlie  only  soluble  salts  which  ai\'  largely  used  are  the  acetates, 
and  these  are  slowly  dissociated  and  the  acid  is  only  slightly  active,  so 
that  the  astringent  metallic  ion  alone  comes  into  play. 

Symptoms.  ^ — In  ordinary  them|>eutic  doses,  the  acetate  of  lead 
(sugiir  of  lead)  has  a  sweetish,  metallic  taste  followed  by  a  feeling  of 
astringeucy,  and  induces  no  symptoms  except  constipation.  The  stools 
after  lead  are  often  said  to  be  dark  in  ct>lor  from  the  sulphide  formed 
in  the  intestine,  but  this  does  not  seem  to  be  the  genend  rule.  Prob- 
ably little  lead  is  absorbed  from  an  ordinary  dose  of  the  aretate ;  at 
any  rate  no  symptoms  arise  from  tlie  general  action  of  the  metal  ab- 
Borbed. 

Lead  acetate  solutions  applied  t*>  the  skin  have  no  effect,  but  mueoua 
membranes,  or  exposed  tissues,  stich  as  ulcjers,  are  c<:jvered  with  a  thia 
pellicle  of  albu minute,  which  serves  to  protect  them  from  irritation, 
and  thus  promotes  their  licaling. 

When  very  large  quantities  of  acetate  are  swallow^ed,  particularly  if 
in  a  oonoentnited  form,  they  gi%'e  rise  to  the  ordinary  symptoms  oi"  irri- 
tant poisoning,  nausea,  vomiting,  pain  in  the  abdomen,  violent  purg- 
ing or  sometimes  constipation,  IiIimkI  in  the  vomiteil  matter  and  stools, 
^reat  thirst,  weakness,  iind  collapse.  In  some  instances  in  which  the 
patients  recovered  from  tliese  symi>toms,  they  Bnbsef|Uently  suffered 
fn>m  chronic  lead  |>oisoning,  but  ajiart  fmm  these,  nothing  in  thetxinrs© 
of  acute  lead  poisoning  suggt*sts  the  al)sor[>tion  of  the  metal,  all  the 
symptoms  being  obviously  due  to  tlie  local  ejects  on  the  stomach  and 
bowel,  and  to  the  consequent  collapse.  In  fact  the  effects  of  a  sudden 
Absorption  of  lead  in  man  are  unknown. 


In  animals  also,  some  diflieiilty  has  been  met  in  induchig  the  symptoma 
due  to  the  action  ot  lar^e  quaattties  of  lead  in  the  tissues^  l)ecause  moul 
forms  of  lead  injected  into  the  vessels  precipitate  the  proteids  of  the  blood 
aud  cause  embolism,  while^  un  the  other  hainl,  only  local  symptoms  can  ba 
inducted  by  its  admhnstralion  by  the  mtniih.  Harnack  inve,*vtigat4*<l  this 
point  by  injecting  sjiUn  of  IcadtrieihyU  iu  %vhich  the  metal  is  not  contained 
in  a  diadociable  form,  lint  which  is  dccom posed  in  the  tissues  and  then  give« 
rise  to  le>id  symptoms.  In  this  way  he  hoped  to  be  able  to  elucidate  the 
symptoms  of  chronic  lead  poi.^oniriK,  but  bin  rtHoIti?  have  not  been  of  much 
value  for  this  pur|KiHe^  ii  I  though  they  are  of  some  intert^st.  In  the  fro^  he 
found  that  his  componiid  proflucod  general  paralysis^  which  he  a^^cribed  to 
tiou  on  the  muscles,  l>ut  which  Wyss  lat4*r  }*tated  to  he  doe  to  action  on  the 
ttiinwl  nervous  system,  Hiirnack  clcscrihcs  the  mnsrles  as  being  easily 
ml^  and  gives  some  further  pecnlinrities  inrluced  by  le^d  in  them,  but 
found  in  appar»»ntly  equally  satisfact^iry  experiments  that  the  muscles 
were  practically  unaflbcted  at  death.  In  the  dog  large  dofics  of  lead  inje<"t<*d 
into  a  vein  induced  weakness  and  parnl.N'sis,  violent  diarrhcea,  ehort*adike 
moTementa,  tremore,  which  often  assume  the  appearance  of  true  convulsions. 
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and  ataxia.     The  diarrhoEia  was  attended  by  severe  eoUc,  a&d  both  of  \ 
symptoms  were  removed  by  atropine.     It  would  therefore  appear  tijjii  j 
colic  is  hi^re  due  to  nervous  influences,  and  not  to  the  muscle  of  the  inie 
lieing  imme<ltHtely  acted  upon^  for  atropine  paralyxe^  only  the  tenniaatlj 
of  nerves.     The   diarrbifa    Haniack  found   to   be  due  to  violent  conn 
lions  of  the  intestinal  walls,  which  maintained  a  certain  degree  of  C4>ntr 
even  when  no  pt^ristaltic  wave  was  pa^'^ing.     This  action  of  lead   upon 
intestine  is  of  interest,  because  it  bears  vk  close  relation  to  the  colic  obser 
in  chronic   lead   poisoninj^   in  man,  although  here   there  ia  generally 
etipation,  and  a1»o  because  it  connects  lead  with  the  other  hea\*y  me 
all  of  which  havc^  more  or  less  specific  action  on  the  intestine.     The  afj 
and  other  brain  symptoms  also  have  their  csounterimrt  in  the  brain  symp 
of  chronic  poisoning  in  man. 

A  single  dcme  of  a  lead  Bait  does  not  generally  gi%-e  rise  to  any  f^fl 
toras  which  would  indicate  the  absorption  of  the  metalj  but  the 
tinned  ingestion  of  small  quantities  by  way  of  the  stomac4i»  or  I 
inhalation  by  the  lungSj  induces  chronic  poisoning,  whioh  can  be  ex- 
plained only  by  its  absorption.  There  seems  some  reason  to  1  ' 
that  lead  is  absorbed  from  the  unbroken  skin,  though  it  is  possi^i 
8ome  of  the  metal  was  carried  to  the  mouth  and  swallowed  with 
food  in  the  atses  on  which  the  statement  is  founded.  I^^ead  is  app 
ently  Absorbed  more  mpidly  than  most  of  the  metals  except  inerciu 
and  remains  hwlged  in  the  tissues  a  long  time,  the  excretion  taki^ 
place  only  very  slowly.  It  is  found  in  most  organs  in  eaj«es  of  poisi 
log,  particularly  in  the  liver  and  kidoey.  It  is  Excreted  in  the  urine, 
the  bile,  the  secretion  of  tlie  intestinal  epithelium,  and  in  milk  and 
saliva.  It  is  still  disputtxl  whether  it  is  eliminated  by  the  skin  glflodi^ 
or  whether  tlie  lead  often  seen  on  the  skin  in  cases  of  poisoiiiiig  k  not 
simply  de[»osited  there  as  dust  from  the  air. 

Chronic  Lead  Poisoning  is  the  commonest  of  all  forms  of  mettlli^ 
poisoning,  and  at  the  same  time  one  of  the  most  insidious.  It  \s  al- 
ways aeeidental,  and  although  it  is  most  common  in  workers  in  IcwJ* 
may  oeeur  in  persons  who  are  not  apparently  liable  to  oome  in  coDtiirt 
WMth  the  metaL  There  is  no  question  that  some  people  are  much  morr 
susceptible  to  lead  than  others.  Anaemia  and  weakness  from  any  caiise 
are  generally  believed  to  predisp>s(*  to  the  disease,  women  and  children 
are  more  liable  to  it  than  men,  and  alcoholism  and  previous  lead  in- 
toxieation  increase  the  tendency  to  the  attack*  Relapses  are  wrr 
common,  and  may  oi-cur  years  atler  tlie  first  symptoms,  even  altbougL 
there  has  been  no  further  exposure  in  the  intervaU  Lead  liroelfei 
workers  in  w4iite  lead  factories,  painters,  plumbers  and  type^'ttere  I 
v#ry  liable  to  lead  poisoning  from  their  continually  haTidiin^ 
metal ;  but  other  trades  are  not  exempt  from  it,  and  sometimes 
channels  by  w^iich  it  gains  entrance  to  the  body  are  ven^  oIk^^cuH 
Some  of  the  more  common  causes  of  poisoning  are  lead  water-pip*«< 
co< iking  utensils,  lead  used  to  close  tins  of  meat  or  fruit,  aod  lend  ' 
h«ir  dyes.  Formerly  a  c<immon  source  of  poisoning  was  wine  i 
cider  to  which  lead  had  been  added  to  reduce  the  acidity.  A  coasi't 
able  number  of  crises  of  poisoning  have  l)een  ret-orded  from  the  iwt'< 
leiwl  pre{»an\tious  as  abortifacients. 
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The  symptoms  of  chronic  lead  poisoning  vary  greatly  in   dtffat 

sometiiaes  only  one  or  two  organs  being  attacked,  in  others  thel 

^hale  eoononiy  appearing  involved   in   the  disorder.     The  i>ymptoiiai 

may  be  divndeil  into  groupa  for  convenience,  bnt  it  is  to  be  noted  that 

Qiany  of  tbe^e  ap[iear  to  l>e  closely  inter*  con  nee  ted,  and  that  in   many 

cases  it  is  impossible  to  deinde  whether   a  set  of  symptoms  is  due  to 

rect  action   upon  a  single  organ^  (»r  to  tbc  sininltaneotts  disease  of 

v^eral. 

The  Mouth,  Stomach  and  BigeBtion  very  often  give  early  indications 

lead  poisoning.  The  fmtient  complains  of  loas  of  appetite,  natisea^ 
itipation,  Wiisting,  a  metiillic  (ustc  atid  fcetid  breath,  and  a  blu€v^ 
line  18  seen  along  the  margin  of  the  teeth  where  they  enter  the 
guma.  This  '*  lead  line  '*  is  dne  to  the  precipitation  of  lead  sulpliide 
by  the  hydmgen  sulphide  proilueed  by  the  action  of  bacteria,  and  it  is 
often  absent,  especially  where  the  t**eth  are  not  carions  and  are  kept 
dean*  The  metallic  taste  seems  due  to  the  excretion  of  lead  in  the 
saliva,  and  the  loss  of  appetite  may  arise  from  the  same  can»e.  These 
symptoms  may  be  prndnecd  in  animals  also.  Virchow  and  Maier 
found  in  one  case  in  man  the  gastric  epithelium  in  a  state  of  fatty  de- 
generation, and  pn^)litenition  of  the  connective  tisane  of  tlie  mu 
membrane. 

Another  early  ^*ym ptom  is  Ausmia.  which  may  l>e  dne  in  part  to  tlm 
malnutrition,  but  is  attributed  mainly  to  an  abnormal  destniction  of 
the  red  cells  of  tlie  bhxxl  ;  the  white  c<jrpuseles  are  increased  in  many 
oases  but  not  in  nil.  It  is  often  accompanied  by  jaundice,  with  the 
Ugbly  pigmented  orinc  and  other  symptoms  wbit4i  usually  follow  the 
Itbenition  of  large  quantities  of  haemoglobin  from  the  breaking  op  of 
red  ©ells.  It  is  stated  that  the  r*M|  ldcM>d*cells  often  contain  granulee. 
ataining  with  basophile  dyes  and  indicating  incomplete  disappeamnc 
€if  tlie  nncleus  ;  this  change  may  })n*scnt  itself  Ix^o re  any  other  symp* 
tom.  Tlie  amemia  is  often  wry  marked,  and  is  sometimes  the  chief  or 
craly  symptom  of  le^ul  poisoning  ;  according  to  s*>mc  authorities,  it  tat 
present  in  a  grt»atcr  or  less  dcgrw  in  the  mnjority  of  whitc-lea<l  work- 
ers, and  it  loads  Uy  weakness,  languor,  and  iu  young  women  often  to 
amenorrhiiea.  A I  portion  is  very  often  met  with  in  lead  poisoning,  and 
in  women  employetl  in  lead  works  wlio  do  not  show  any  marked  symp* 
loma  of  disease.  The  children  of  |>arents  suffering  frtnn  leail  are  often 
weak  and  undersized,  and  a  very  large  pni[>«irtion  of  them  die  in  early: 
iofancw. 

One  of  the  couimouest  symptoms  is  Lead  Colic*  j^ainters*  colic,  colfca 
eatuniina  t>r  colicn  Pictonnm.  This  genernllysets  in  suddenly,  and  is 
•oeompanieii  iu  most  cases  by  obstinate  c^mstiixition^  in  a  very  small 
pm|>ortion  by  diurrhtea.  Pamxysms  of  the  most  aeute  ugc*ny  are  fol- 
Iow*hJ  l>y  intervals  of  comparative  t\*ee<loni  fmm  pain,  but  in  these  in- 
tervals some  tenderness  of  the  abdomen  may  l>e  complained  of,  while 
during  the  attack  pressure  generally  relieves  the  pain.  The  colic  lasts 
fiir  several  days,  or  a  week,  and  then  tlisa|>|>ears,  l>nt  is  liable  to  return 
at  interv^als.     The  abdomen  is  generally  hollow,  retraotod  and  bard, 
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.^-r  --lir.'-  that  the  encephalopathic  syni^ 
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-^  -^1   -^TTinr.mi.'*  are  readily  induced  by  lec 
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.  iT-!.  -T'-mors  and  general  convulsions  hi 


— ••  ;-     :i:::  :    .-     oviously  of  cerebral  origin  for  1 

•  r  :: visions  of  the  cvntral  nervous  sy 

::i.:"-    ti.-*f<.     In  several  autopsies  of  patien 

~.  .  !- .   -rrncy  of  parts  of  the  cerebrum,  or  hsem 

.:•:.    ::•.  -^ly  fnxjuently  disease  of  the  brain  \ 

.»io;ir^--T-^.   atiiemma  or   hyaline   degenerate 
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.-      vc    •  r  T.^  :iiese  gn>ss  lesions,  for  the  suddennes 

i»-   ^'  ^"ry  prt>cludes  any  such  explanation,  a 

•  •     iia-    tr-    i    fjr^'t  action  on  the  brain  cells.      Luj 

.   -       -.-"i?*:**  some  altenitions   in  the  chn^matin 

.-•-  !*r    i'.'^'^  ..'ells,  which  they  supp»se  indicate  tl 

I.  •  .:-u  •  -  aatl  marked  changt^  in  the  tnijullari 

•»      '••^.-.   2  1  :•  e  which  was  subjected  tt»  the  action  o( 

^    j:».  t-m.»!1  presented  symptoms  of  ct^rebnil  dis^irdi 

-*     -         :::  n  ohn^nic  poisoning  in  man. 

:^   •       :  •:  :ii:  in  addition  to  these  generally  reci^jrniz< 

••-■::..  rariiia  sjiturnina,  several  obst*ure  ohronii? 

^    2        >•«!  ±s?ril>ed  by  Putnam  and  others  to  le:ul  inti 

.   --^.1  V  n\?fciible  that  its  action  may  j»nn-e  lo  U*  t:\ 

-p.      -^  i:r»:  insidious  than  is  generally  recognizetl  at  pr.: 

.    .     --•'?  vn.^fitable  to  enter  u])on  further  detail-  in  th. 

.  ^  •    cvi!!  acted  on  by  lead,  especially  in  pn^Iongeti  p 
SSoaHv.  vfiicfa  13  often  found  to  present  a  typical  rt^i 
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flpe  clasBed  together.  Thej  are  compantliTely  rmre  at  the  prfsait 
and  their  oi^et  g^iexmllT  indi<?ates  long  standing  and  neglected 
inlOcncttCioii,  ihhoiigli  in  aome  eises  the  patient  has  been  if4ir»wQ  to! 
grpoaed  Id  the  piAmm  for  only  a  short  period.  An  atteropt  bos 
made  to  (fivide  the  ejrmplonis  of  encephalopathia  Batumi na  into 
group*,  bat  as  the  author  himself  remarksy  one  of  the  most  cii 
islie  ftatmiea  la  tha  npiditj  with  which  the  disease  changes  &qb 
type  to  another,  and  the  diversity  of  the  sympconi^i  present  at 
time.  These  cerebral  symptoras  sometimes  appear  sud<hnily,  whiW 
other  eaara  they  are  heralded  by  violent  headache,  giddinesB  and  sJ«p 
lessoesd,  or  by  amblyopia^  deafness,  great  depreseion,  stupor^  wc-akncw, 
and  tumor.  Later,  sudden  mania  and  delirium,  with  eonvitlgioDs  m* 
aemblitig  chorea  or  epilepsy,  hallucination.^  and  illnsions  indistioj^uiah- 
able  from  those  of  alcoholic  delirium,  sudden  apoplectic  paralviiis 
ataxia,  partial  analgesia,  hypenesthesia,  or  eoma  may  occur  ^paraldjr 
or  in  succession.  Oliver  Mates  that  the  encephahipathic  symptorusiif 
especially  liable  to  occur  in  persons  addicted  to  alcohol. 

In  animab  aepebral  symptoms  are  readily  induced  by  lead,  fitkr 
by  iotravenoisa  hqection  (Hamack),  or  by  chronic  pijisoning  with  the 
ordinary  salts^  Chorea,  tremota  and  general  convulsions  ha%*e  be^ 
caused  in  this  way  in  doga. 

The  enceplialopathia  is  obviously  of  cerebral  origin  for  the  most 
part,  although  the  lower  divisions  of  the  ceutral  nervous  systeia 
also  involved  in  many  caries.  In  several  autopsies  of  patients  dy 
from  lead  poisoning,  atrophy  of  parts  of  the  cerebrum,  or  hiemorrl 
have  been  found,  and  very  frequently  (lisease  of  the  brain  vessels— 
periarteritis,  endoarteritis,  atlien>ma  or  hyaline  degeneration — bas 
been  mtt  with.  In  other  cases  vf  undoubtetl  eneephalopathia  in  maUt 
no  Kuch  lesions  have  been  observed,  and  in  uuimals  poi^»ned  bv  Hj 
nack's  method  tliey  are  certainly  not  present.  Many  of  the  synjf>t- 
are  obviously  not  due  to  these  gn>ss  lesions,  for  the  suddenness  of  Hi 
onset  and  of  the  recovery  prei^ludes  any  such  explanation,  and  sh* 
that  lead  has  also  a  direct  action  on  the  brain  cells.  Logaro  tnJ 
Schaffer  have  described  some  alterations  in  the  chromatin  and  the 
dendrites  of  the  nerve  cells,  which  they  suppose  indic*ate  this  dirfft 
affection  ;  McCarthy  found  marked  changes  in  the  capillaries  of  lii^ 
cerebral  cortex  in  a  dog  winch  was  subjected  to  the  action  of  lead  l^)f 
two  months  and  which  presented  symptoms  of  cerebral  disorder  siniilir 
to  those  met  with  in  chronic  poisoning  in  man. 

It  must  he  nott^  thut  in  addition  to  these  generally  recogni-zed  symp- 
toms of  encephaloputliia    j^aturnina,  i?evenil    obscure  chronic  ncrv 
diseases  have  been  ascrilied  by  Putnam  and  others  to  lead  intoxicatn 
and  it  is  certainly  possilde  that  its  action  may  prove  to  be  even  flu 
wide-reaching  and  insidious  than  is  generally  recognized  at  pn^sent, 
it  does  not  seem  profitable  to  enter  U{X>n   furtlier  details  in  the  present 
state  of  the  sobjeet. 

Another  orgarj  acted  on  by  lead,  especially  in  prolonged  poia^ningi 
Kidney,  which  is  often  found  to  present  a  typical  red  gnmul  ' 
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iritis*      During  life  the  urine  presents  the  ordinary  appearances  of 

disease,  being  copious  in  amount  and  of  low  specilie  gravity,  and 

ling  comparatively  sraall   quantities  of  albiimin  or  casts.     In 

BS  in  man,  the  kidney  Iuls  presented  a  mixture  (if  parenehynia- 

and  interstitial  disease,  wliile  in  animals  the  parenchyma  alone  Ls 

3ted,  perhaps  l>ecaose  the  experiments  liave  not  lastwl  long  enough. 

dli^ease  of  the  kidney  from  lead  poisonings  as  from  other  sources, 

ly  cause  dropsy,  uraemia  and  aml>lynpia,  but  it  is  to  he  noted  that 

brain    and    eye  may  be    aftet-ti^l   in  ceases  in   which  thiTe  is  no 

jihriti!?!. 

'  0ont  is  very  common  in  lead  poisoning,  which  evidently  predisposed 
this  disease,  if  it  does  not  actually  cause  it^  for  Garrod  states  that  in 
-fourth  of  the  cases  of  gout  treated  by  him  there  was  a  history  of 
lead  poisoning.     It  occurs  only  after  prolonged  exposure  to  the  metal, 

ti  differs  from  ordinary  gout  in  the  rapidity  with  which  it  spreads 
m  one  joint  to  another,  as  w^ell  as  in  some  other  features  (Lnethje). 
Thus  gout  is  seen  without  nephritis  and  vire  verj^a,  the  two  affections 
being  quite  independent  of  each  other.  The  uric  acid  of  the  urine  is 
out  increased^  while  that  of  the  bh)od  is  said  to  be  abnormally  high, 
Ift  districts  where  ordinary  gout  is  rare,  lead  poisoning  seldom  leads 
to  it,  but  where  ordinary  gout  is  met  with,  it  is  a  fairly  commtm  com- 
plication of  saturninism. 

Lead  poisoning  runs  no  <lefiuite  course.  As  a  general  rule  the 
im^mta,  wasting,  constij:>ation  and  weakness  appear  early,  and  then 
Pllic  may  follow,  or  {wiralysis,  or  arthralgia.  Nephritis,  encephalopa- 
thia,  amesthesia  and  gout  are  rarer,  antl  as  a  rule  only  occur  in  very 
prolonged  poisoning.  Any  one  of  these  symptoms  may  be  present 
done,  and  the  diagnosis  is  then  very  ditfieull.  In  tloubtful  cases  the 
arine  ought  to  l>e  examined  after  the  administration  of  itxjide,  or  the 
stools  may  be  tested  for  lead.  Every  case  in  which  lead  is  fi:)und  in 
the  urine  is  not  necessarily  one  of  lead  intoxication,  howev^er,  for  it 
has  Ijeen  detected  in  a  number  of  f»erf*'etly  liealthy  individuals. 

It  is  impossible  at  present  to  give  any  general  explanation  for  the 
diversity  of  the  forms  of  elirouic  lead  |w>isoning.  The  central  nervous 
system  is  certainly  acted  on,  l»tli  in  its  higher  and  low^t*r  divisions, 
but  it  ts  still  disputed  how  far  the  panilysis,  arthralgia  and  ansesthesia 
are  symptoms  of  central  action,  and  how  far  they  are  due  tn  j)eripheral 
fleuritis.  All  of  the  symptoms,  however,  except  those  from  the  mouth, 
itotDEch  and  kidney,  ami  the  amemia  and  gout  seem  to  be  due  to  affec- 
tions of  either  the  central  or  peripheral  nervous  system.  The  lead 
line,  metalltc  taste  ami  nausea,  and  f>erha]>s  the  Cfvnstipntion,  would 
|pem  to  l>e  connectal  with  the  excretion  i»f  the  mi'tal  along  the  ali- 
■eutary  canal,  while  the  renal  action  is  probably  of  the  same  nature 
m  that  inducing  periarteritis  in  the  brain  and,  as  is  allegeil,  in  the 
lungs  under  some  conditions.  The  anaemia  indicates  an  action  on  the 
red  cells  of  the  blcMxl,  and  the  gout  some  disturbance  of  the  gpuoral 
rotrition.  Attempts  have  been  made  to  elucidate  the  nature  of  this 
iction  on  metab4>Iism  by  estimating  the  urea  and  other  constituents  of 
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the  urine,  hut  no  importiuit  light  has  been  throwD  on  it  by  this  qi0 
nor  iu  fact  are  signilicant  results  to  be  hoped   for  in   a  diseai^  ' 
oifors  so  many  and  so  diverse  types  as  l^d  poisoning. 

Lead  aets  u\wu  so  many  tissues  that  it  might  be  expected  h>  i 
some  distinetive  action  upon  the  simpler  organisms,  but,  ai?  a  raatte 
fact,  it  seems  less  poigonous  to  them  tlian  most  other  heav^y  nieiaKj 

Preparations. 

PLtJMBi  ACETAS  (U.  S,  P.»  B.  P.),  lead  acetate,  3Ugar  of  lead  (Pb(C.Ej{ 
-f  8H„0)j  forms  colorless  crystals*  with  a  sweetish,  astringent,  aflerwij 
metallic  ta^^te,  very  soluble  in  water,  less  &o  in  alcohol.     0.05-0.3  G.  ^ 
grs.). 

Vngucntum  Plumbi  Acetatu  (B,  P.),  4  per  cent, 

SuppoHiforia  Ffumbi  Caniposita  (B.  P.)  ;  each  contains  S  grs.  of  lead  aciH 
ami  1  gr,  of  ophim. 

rifuki  rUnftbl  ettm  Opio  (B.  P.)  contains  about  121  per  cent,  of  opin 
2-4  ^n-H. 

Liqum-  Plumbl  Suhaeeiatw  (XT.  K  P.),  Liquor  Plumb  i  SubacHuiU  Fort  is  (B.F| 
( Jouhird'S  ex t met,  au  aqueous  solution  eontainini?  about  25  j»er  cent,  of  ) 
.Hubucetale  (iipproximiitely  Pb(t\H30,)J*hO).     When  exposed  to  the  mrAht 
iusolulile  lead  carbonate  is  formed.     The  subacetate  solutionis  are  ftlkfllifleii_ 
reaction. 

Liquor  Plumhi  SubacetattJi  DilutuB  (U,  S»  P.^  B.  P.)»  lead  water,  Gou 
lotion  or  water,  a  solution  containing  about  7.6  parts  (3  parts  B.  P,)of  I 
subacetate  in  1,00U  parts  of  water. 

(rfticerinum  Pfvmbi  Suharftath  (B.  P,). 

Unt/ucntum  (rltfcerini  Plumhi  Subacetatii  (B.  V.). 

Ceraium  Pfttmbi  Acrtutis  (U.  S.  F,),  Ciouhird's  cerate, 

Flumbl  <\jrbumjH  (U.  H.  P,,  B.  P.),  white  leiwi  ((PbCO^jPb(OH)^. 

UngyrHtttm  rfumifi  CarboTiatin  (U.  B.  P.,  B.  P.). 

Pfumhi  lodidmn  (IL  S.  P.,  B,  P.)  (Phi,), 

LmphtMintm  Pfttmbi  IfxHdi  (B,  P.). 

Unf/uenhim  Plumbi  lodidi  (U,  S.  P.,  B.  P.). 

Pliimbi  Oxidum  (11,  8,  P.,  B.  P.),  litharge  (PbO), 

Pfinnbi  Mirm  (V.  S.  P,)  (PhCNO,),).  

Lead  plaster  or  diachylon  plaster^  Emplastrvm  Plumbi^  is  formed  frmntlift 
oxide  but  is  mentioned  ei^c where.     (See  Part  VI.) 

Therapeutic  Vnes.  —  Lead  is  used  in  thei^ipeutics  only  for  its  astriu- 
gent  action.  Tlie  acetate  i;?  prescribed  internally  in  diarrhoea,  gener- 
ally  along  with  opium,  and  alwayt^  in  pill  form,  as  the  solution  wooM 
act  fju  the  stoniaeli  and  have  less  effect  on  t!je  bowTl.  It  has  l>ecn 
tried  in  dysentery  and  cholera,  hut  lias  proved  of  little  value.  Lead 
has  also  been  ailvised  in  cases  of  htemorrhage  from  the  lungs^  kidnef 
and  uterus,  but  lias  no  astringent  effect  in  these  conditions,  becau^  ^ 
is  slowly  absorbed,  auJ,  besides,  what  reaches  the  blood  does  not  K* 
on  the  vessels.  If  lead  preparations  are  of  any  value  in  these  aflectionSi 
and  tilts  is  denied  by  many  authorities,  it  can  be  explained  only  r"^ 
some  reflex  action  from  the  stomach  and  bowel.  Still  less  reason  I 
there  for  its  use  in  nephritis,  cystitis,  and  similar  conditions. 

Externally,  a  solution  of  the  acetate,  or  the  dilute  solutiou  ofl 
subaeetate  is  used  as  an  astringent  lotion  in  burns,  anJ  as  an  injectui 
in  gonorrhoea.     White  lead  has  been  advised  as  a  dusting  powder  i 
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id  skin  affections,  but  is  not  superior  in  any  way  to  other 
ir  preparations,  and  is  liable  to  be  a!}sorl>e<L  ^'itrate  of  lead  has 
itation  in  the  treatment  of  onychia. 

id  ought  not  to  be  employed  externally  or  internally  except  for 
>rt  time  a^  otherwise  symptoms  of  poisoning  may  arise. 
oisoning.  —  In  aente  lead  poisoning,  the  indications  are  its  removal 
the  stomaeli  by  wasliing,  and  its  preeipitation,  which  may  l>e 
aoeonipli^hed  by  solotions  t>f  the  snlphates  such  as  of  magnesium 
ililphate.  In  the  al>sence  of  the  sulphates^  white  of  egg  or  milk  is 
^ven  to  form  the  insoluble  albuminate, 

'  ►In  chronic  poisonings  the  general  treatment  is  tbe  removal  of  the 
lient  from  the  danger  of  further  poisoning,  the  administration  of 
Jide  of  potassium,  and  nutritious,  strengthening  diet.      The  iodide  of 
siuni  has  been  said  to  accelerate  the  elimination  of  lead   by  the 
tineys,  but  according  to  Lehmann's  experiments  is  not  BU]Terior  to 
jbr<:>mideor  the  cldoridc  of  potassium,  and  it  has  been  recently  denied 
Bt  it  has  any  ellect  on  the  excretion  by  the  urine  or  by  the  intestine, 
*  which  most  of  the  lead  escapes  from  tlie  body.     In  practice,  bow- 
er, the  iodide  is  always  used.     Diuretics  may  l>e  prescribed,  and 
baths  ;  sulphur  baths  are  cs[*ecially  rec<jm mended,  and  massage  is 
to  hasten  the  elimination  of  the  jjoison. 
fin  colic,  morpbine  or  opium   is  often  necessary  to  allay  the  pain, 
dladonna  or  atropine  is  used  less  frequently,  anil   nitrite  of  amyl  is 
yid  to  be  efficient  for  a  short  time.     In  the   intervals  Ijctween  the 
fcroxysms,  a  saline  cathartic  is  often  necessary  to  relieve  tlie  eonstipa* 
ioa,  or  if  the  vomiting  preventa  this,  a  large  enema  may  be  thrown 
*tito  the  l>owel. 

■  In  artliralgia,  the  pain  may  necessitate  the  giving  of  opiates.     lf> 

%D«esthesia  anil  encephalopiUhia,  the  treatment  is  expectant  and  sym]>- 

ioBiatic;  for  instance,  in   mauiuj  or  violent  dcliriiun,  cldond  may  be 

ssary. 

In  paralysisj  strychnine  may  be  ustnl  along  with  the  general  treat- 

ent,  but  the  chief  reliance  is  to  be  placed  on  the  electrical  stimula- 

of  the  paralyzed  muscles,  first  with   the  galvanic  current,  and,  as 

overy  sets  in,  with   the  in<lucliou  coiU     Massage  of  the  muscles  is 

of  benefit. 

Nephritis  and  gout  due  to  lead  poisoning  are  to  be  treated  in  the 
*line  way  as  those  arising  from  other  causes. 

In  lead  works  and  paint  factories,  much  may  be  done  to  prevent  lead 
poisoning.  Dust  is  to  l>e  avoided  as  much  as  possible,  and  where  this 
^  necessarily  present,  the  rooms  ought  to  be  thoroughly  ventilated. 
Che  necessity  of  frequent  bathing  and  of  thorough  washing  before 
))eald  ought  to  be  impressed  on  the  workmen,  and  no  fcx>d  is  to  lie 
admitted  to  the  works.  A  lemonade  made  with  sulphuric  acid  is  often 
!>eoammendeil  as  a  prophylactic  measure  with  the  object  of  changing 
:he  lead  to  the  insoluble  sulphate  and  thus  rendering  it  less  readily 
ibsorbed.  Poisiming  may,  however,  be  inducwl  by  lead  sulphate^ 
bhoogh  less  often  than  by  tlie  carbonate,  which  is  dissolved  Ijy  water 
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in  the  presence  of  free  carbonic  acid,  and  which  is  dianged  to  tJie 
slightly  soluble  chloride  in  the  stomach. 

When  symptoms  of  poisoning  have  appeared,  the  patient  oo^t  not 
to  be  allowed  to  work  again,  or  at  least  only  after  a  long  interval. 
Weak  and  anaemic  men  ought  not  to  be  admitted  as  workmen,  and 
women  are  not  to  be  employed  in  lead  works  more  than  cao  be 
avoided. 
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V.     COPPER. 

Copper  seldom  gives  rise  to  poisoning,  and  is  much  less  frequently 
used  in  medicine  than  many  of  the  other  heavy  metals.  The  soluble 
salts  precipitate  proteids  from  solution^  and  are  therefore  astringent 
when  applied  to  the  mucous  membranes  and  to  wounded  surfaces.  Im 
larger  quantities  they  are  somewhat  irritant  and  corrosive,  althoa^ 
much  less  so  than  mercury. 

Symptoms.  —  The  copper  salts  have  a  harsh,  metallic,  astringent 
taste,  and  when  swallowed  in  some  quantity  cause  nausea,  8alivati<»i 
and  vomiting.  The  most  of  the  salt  is  thus  removed,  and  no  further 
symptoms  are  observed.     Large  quantities,  however,  induce  oorroaiofi 
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of  tlie  walk  of  the  stomach  and  intestine,  and  give  rise  to  violent  vom- 

iiang  and  purging;,  the  copper  giving  a  bhie  or  green  eolor  to  tlic  vom- 

tied  matter  and  tlie  stools,  and  blood  appearing  in  them  later  imin  the 

corrosion  of  the  mucon.s  membrane.      Violent  pain  in  the  al^domen  is 

jpmplained  of,  and  the  usual  symptoms  of  acute  corrosive  poisoning 

Btaj   follow  —  collapse,  with  weak   pulse   and   respiration,   headache^ 

^ddinesfif  unconaciousness,  delirium,  coma,  eonvuLsions  and  paralysis. 

These  may  prove  fatal  in  a  few  hoursj  but  more  frequently  the  patieut 

lives  for  several  days  to  eventually  sink  from  exhuui^tion. 

The  nausea,  vomitiugand  imrgiiig  of  acute  copper  poison iiig  are  due  to  the 
local  effect  on  the  muL-ousmembmnea  of  the  siomach  and  intestine.  la  fact^ 
although  some  copper  is  absorbed  in  theae  caseSj  there  is  no  reas^oa  to  sup- 
poae  that  any  of  the  acute  symptoms  are  due  to  it,  for  they  are  all  induced 
by  other  poiaons  which  act  only  as  ^astro- intestinal  iiritiints. 

It  is  still  disputed  whether  chronic  copper  poisoning  necurs  in  man.  Tlie 
qonfltion  is  of  great  hygienic  interest,  because  eopjier  U  naed  very  often  to 
g&V9  CX>lor  to  preserved  vcji^etahlcs,  such  an  peiu^,  i^  added  to  Hour  to  improve 
the  bread,  and  may  enter  inti*  the  footl  from  tlie  use  of  copper  cook  in  ji  ves* 
aela,  and  in  a  variety  *>f  other  ways.  In  copper  and  hnt^s  workers,  jLca^stm- 
intestinal  catarrh,  or  colic  and  diarriia'a,  occur  oecusioually  and  are  a.seribed 
to  the  copper  swallowed  in  the  conrse  of  their  oecupjition.  The  dust  inhuled 
toay  similarly  eaUi^e  laryngeal  irritation  und  hndichiiis*  The  skin  and  hair 
have  often  a  greenish  tint,  ami  a  green  line  on  the  teeth,  just  where  they 
enter  the  gutus,  is  known  ils  the  copper  line  ;  but  it  in  Uclieved  that  the.«e  are 
dae  largely  to  the  copper  dn^t  deposited  on  the  Hkin,  hair  and  teeth,  and  not 
to  the  excretion  of  the  metal.  L*h'uI  paralysis,  anaemia,  tr*^ruor,  emaciattou 
aad  cutaneous  eruptiiuis  are  snid  to  have  followed  these  symptoms  in  somo 
oas^,  aad  have  hecu  held  to  indicate  that  copper  is  poisonous  after  ahs<ir|i- 
tloa,  but  it  may  fairly  be  doubted  whether  these  symptoms  are  really  dne  to 
the  copper  or  to  the  lead,  arsenic  and  other  pnlsons  often  Jissoeiated  with  it. 
It  is  certain  that  only  a  very  small  proportion  of  workers  suller  from  any 
symptoois  whatever,  and  that  the  great  majoritj^  enjoy  exC'cllent  health. 
Furthermore,  copper  has  been  taken  in  the  form  of  the  metal,  or  of  its  soluble 
saltd  for  prolonged  i>enods  without  any  symptoms  being  elicited  except  tliose 
of  slight  intestinal  catarrh  and  some  nausea.  Animals  have  In-en  fell  with 
IlKid  eontaining  large  doses  of  copper  for  many  months,  ap|mrently  without 
asy  symptoms  of  jjoisoning,  and  eoppt  r  is  found  so  regularly  in  the  tissues 
of  man  and  animals  that  it  may  be  reganled  as  a  normal  eonstituent»  although 
its  fVinction  ia  altogether  unknown  and  it  may  lie  merely  stored  up  on  its  way 
lo  exereHon.  Of  course  it  is  possible  that  there  exists  in  certain  |>erson8  all 
Wiam^menmy  for  copper^  and  that  these  sutler  fn^m  the  ingestion  of  f|uantitiea 
irhl(&  are  harmless  in  others.  But  until  the  symptoms  have  been  more  def- 
initely determined,  and  have  been  shc*wn  xmi  to  arise  from  the  other  poisons 
associated  with  copper,  it  is  impossible  to  consider  this  form  of  intoxication 
aa  satisfactorily  established,  and  there  is  no  rea*Hjn  to  suppose  that  ixjisoning 
oan  he  induced  by  small  cjuautities  of  copf>er  sueh  as  are  contained  in  pre- 
aerved  vefpetables  or  in  food  conked  in  copper  vessels. 

In  anitmils  the  general  action  may  l»e  elicit«xl  by  the  injection  of  copper 
into  the  blood  or  sulKnitaue*>nf-ly.  The  or*iimiry  salts  are  inadmissible  by 
the  former  methtKl,  as  they  prf_*eipitnte  the  proteids  of  the  blood  and  «^us€» 
embolism,  and  double  salts,  sueh  as  the  tartrate  of  copper  and  sodium,  or 
proteid  n<»mpounds,  sueh  as  the  albuminate  dissolved  by  means  of  alkalies, 
havt)  thereftire  been  used.  A  special  form  of  proteid  combination  hius  bt^en 
formed  in  the  same  way  as  artificial  ferratin,  and  is  found  to  act  more  slowly 
than  ordinary  salfes.  In  the  frog,  copper  induces  gn^at  weakness  and  event- 
ndlf  oompleto  pumlyais  of  the  spontaneous  movements  and  of  the  heart. 
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Harnuek  attributed  this  lo  direct  a^tiou  ou  the  muscle,  but  later  obeervea 
Uuve  touiul  that  the  ceiilral  nervoui^  t^y^tt-m  is  primarily  affected,  and  limit!  ^ 
muticles  it^tain  their  irritability  after  t.'oroplet^  paralysis  of  the  spinal  c«ni' 
There  is,  however,  a  direct  aelioii  on  the  inuscles  also,  for  they  lose  Ibelr 
irrit^ibility  very  soon  aller  death,  aad  even  belore  the  spontaneous  mu\> 
uieutj^  have  eeas-ed,  the  contmetion  of  the  niuseles  on  direct  stimulation  king 
much  weaker  than  usual.  Very  often  fibnllarj'  contractions  are  oheeniMi 
early  in  the  frog,  but  it  is  unknown  whether  these  are  of  central  or  of  pejv 
pheml  oj'igln.  The  heart  is  soniewbwt  acrelerated  at  fii^t  by  verj'  fnmil 
tiuantities,  but  later  beeouies  slow  and  weak,  and  finally  cea&e*  in  dianole 
before  the  skeletal  nriiiHeles  arc  ]>aralya&ed  ;  the  changes  in  the  heart  are  due 
to  direct  aciion  on  the  mnscle. 

In  mummals  the  intnivenous  injection  of  copper  does  not  cause  vomitiog, 
art'ording  to  most  authoi*s,  thus  proving  that  the  emetic  action  is  due  tolh* 
irritation  of  the  stomach,  and  not  to  any  action  on  the  medulla.     Wbea 
large  quantities  are  injected,  the  locomotion  eoon  becomes  slow^  clumpy  and 
weak,  and  later^  coniplete  paralysis  of  the  spontiineous  movements  follows. 
The  heart  and  respiration  seem  equally  involved,  but  the  rcj?|jiration  cenMS 
somewhat  earlier  than  the  heart.     The  blood -pressure  rises  slightly  af^cr  the 
intravenous  injection  of  copper,  but  afterwards  falls,  partly  on  account  of 
the  weakness  of  the  hcvart,  and  partly  from  failure  of  the  vaso  motor  nervci 
to  maintain  the  contraction  of  the  blood  vessels.     When  an  animal  survives 
longer,  violent,  K>metimcii  bloody,  diarrhtea  is  generally  induced  by  copper, 
as  by  most  of  the  other  heavy  metals.     The  animals  lose  fle^h  rapidly,  and 
refuHt^  food,  and  the  urine  often  contains  albumin,  and  according  to  some 
iiuthors,  hicmoglobin  and  blood.     In  the  mlibit  some  icterus  and  anemia  is 
said  (o  occur  from  the  destruction  of  the  red  blood  cells,  and  fatty  degen- 
eration of  the  bver,  kidney,  and  heart  have  been  observed.     Others  have 
fountl  ecchyaiost^s  and  mngeuStiou  along  the  intestine  and  in  the  kidney  to 
be  the  chief  lesions.     Similar  results  are  obtained  in  rabbit'?  when  coppiT  ia 
givt'U  by  the  mouth,  as  this  animal  is  inciipable  of  rejecting  the  poi^^n  by 
vondtiug.     In  the  dog,  on  the  other  hand,  poisonous  doses  seem  to  be  re* 
move<l  l>y  vomiting  when  they  are  given  by  the  mouth  ;  it  is  possible,  bow- 
ever,  that  an i main  may  show  symptoms  of  poisoning  from  the  prolonged  ad- 
ministration by  the  mouth  of  quantities  just  too  small  to  cause  vomiting,  and 
in  fact  a  form  of  chronic  poitioiung  in  animals  is  described  by  Baiun  and 
Seeliger, 

Copper  is  certainly  absorbed  from  the  stomach  and  intestine,  for 
large  quantities  have  been  found  iu  animals  fed  on  it  for  some  time* 
Bauni  and  vSceligor  state  tliat  a  very  large  proportion  of  the  poison  b 
absorbed  wljen  ^rnall  doses  are  given,  but  the  proportioo  lessens  as  the 
dose  ia  increased.  It  also  piisses  into  the  blood  from  other  mucous 
surfaces  and  from  wounds.  It  is  said  to  have  a  strong  affinity  for 
haemogbibinj  and  to  form  with  it  acorapound  winch  Robert  has  named 
cuprolirtmiol,  and  which  is  stated  to  be  formed  very  rapidly  when 
copper  is  injected  iotu  the  blood,  the  metal  leaving  the  serum  and 
attaching  itself  to  the  corpuscles  at  once.  The  copper  absorbed  from 
the  intestine  and  stomach  is  Imlgcd  chiefly  in  the  liver,  less  in  the 
spleen,  kidney  and  thyroid.  It  is  excreted  iu  the  bile,  urine  and  sa- 
liva, in  the  intestinal  secret  ions,  and  in  traces  in  the  milk,  and  is  said 
to  pass  from  tlie  mother  to  the  fretus  in  ntero.  Copper  is  found  in 
small  quantities  in  these  organs  and  secretions  in  man  and  in  animals 
that  have  not  been  treated  with  it,  but  in  much  larger  amount  after 
prolonged  administmtion.     Taken  by  the  mouth,  it  fails  to  cause  gen- 
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eral  {>oiaoniDg,  becau^^e  it  k  slowly  absorbed,  and  alsjo  because  what  is 
absorbed  is  withdrawn  from  the  blood  by  the  liver. 

^  Copper  Is  foil ud  o.s  a  iionnal  coDstitueiit  of  the  blood  in  muny  of  the  in- 
Biertebratei^,  in  which  it  performs  the  i^ame  ftiiK-ltim  im  the  iruti  of  the  hfcmo- 
Hlobiu  in  tlie  vertebrates.     It  haa  been  tletet'ted  in  one  of  ihu  pigments  of 
Kirdd^  feiithiii-s,  iind»  as  has  been  state*!,  ii*  so  frotjuenlly  found  iti  the  tissues  | 
^f  xnamiaald,  both  u  ild  and  d(jmestit'ated^  that  »t  may  be  regardetl  as  a  nor- 
nml  cooBtitueot.     Oysters  and  other  animals  take  it  np  in  large  qiiantitit'a 
^ybeii  they  live  in  water  rieh  in  copper,  and  apparently  are  not  injnred  by  it. 
BjEi&Dy  of  the  higher  plants,  notably  the  gnipe  vine,  are  said  to  be  remark- 
T^bly  hnproved  by  the  sprinkling  of  copper  on  their  leaves,  and  this  is  not 
only  from  the  destruction  of  parasites,  for  vines  free  from  any  disease  show 
a  more  luxurhmt  foliage,  and  l>ear  more  anil  larger  fruit  ihan  other  heiilthy 
plunte)  which  are  not  treated  with  it.     On  the  other  hand,  copper  is  a  deadly 
potdOD  to  several  of  the  low^r  plants.     Thus  tmces  of  eopjwr  added  to  the 
wiiter  in  which  the^^  live,  destroy  some  of  the  simpler  algic,  and  Naegeli 
aflserts  that  one  part  of  copper  in  one  thonsatid  million  parts  of  water  is 
■olBoieDt  t^  kill  these  ph»nt^.     The  jmi^vsiies  of  tlie  grape  vine»  potato,  ajiple, 
and  other  plants  are  destroyed   by  spraying  tlie  plants  with  copper,  and 
yeast  cerises  growing  in  a  0,02  per  eenl,  solutjon,  while  fieniciilinin  seems  lo 
bt»  almost  immnne  to  iXa  action.     Lorke  found  ihat  the  traces  of  oopper 
coniaitied   in  water  distilled  in  copper   vessels   was  sufficient  to  destroy 
tubifex  (one  of  the  annelid  worms)  and  tadfHijles,  while  Bncholtz  states  that 
the  development  of  bacteria  is  stopped  by  a   solution    of  copfier  sulphate 
under  one  per  cent,  in  strength.     Copper  thus  seems  to  have  a  very  power- 
ful poisonous  aetiim  on  certain  living  forms  and  to  be  hanule^ks  to  others, 
and  the  subject  dei*er\^es  fiirther  investigation.     It  is  possible  that  it  may 
prove  to  act  prejudicially  to  some  human  panv^ites,  and  it  is  certainly  leas 
dangertnis  to  man  than  many  other  remcdit»s  vmd  as  parasitieides  and  disin- 
fectants. 

PUBPARATIOXS. 

I  Cupri  Sulphas  {Ih  S.  P.,  B.  P.)  (CuSO^  4- "VH^O),  large,  transparent,  deep 
j^lue  crystals,  without  odor,  but  with  a  namjeous,  metallic  tadle,  s^duble  in 
Water,  acarcely  so  in  alcobob  r*ose,  as  an  astringent,  0.015-0,1  G.  (J-2  grs.); 
as  an  emetic,  O.S-0  J*  G.  (5^10  grs.). 

Therai^etitic  UBes.  —  (\>]>per  sid}>bate  is  used  internally  only  as  am 
emetic^  and  for  this  purjKise  oiig^ht  to  be  given  in  ab*iiit  one  jier  cent, 
eolution.  It  acts  promptly,  and  does  not  leave  so  much  depression 
and  nausea  as  utlH*r  nietallie  emetics,  and  for  this  reason  is  unsoi table 
as  an  expectorant.  In  (ihospborns  jMiisoning  it  is  espwrally  valua- 
bk,  as  in  a»lditii>n  to  etnising  evacuation  of  the  stomach,  the  metal  ia 
deposited  on  the  particles  of  phosphorus  and  prevent.s  their  absorption. 

Externally  copper  sulphate  is  usimJ  as  an  astringent  injection  in 
gonorrhoea,  and  iieeasionally  as  a  lotion  in  uIc^ts  and  wounds;  for  this 
purjK^se  it  is  emplovcHi  in  one  per  cent,  solnlion.  The  solid  crystals 
an*  diiinetimes  used  to  touch  exnljcrant  gninnlations  for  their  astnn- 
j^ent  an<l  <5orrosive  effect. 

The  chloride  of  copper  is  a  much  more  irritant  ami  atitlsc^ptic  sufaetance 
than  the  sulphate.     The  albuminate  of  copper,  cnpnitin,  which  in  fomifid j 
from  the  albuminate  by  beating  with  alkalits,  and  cupruhieniol,  a  eombijia- 
tion  t>f  copper  and  haMnogli»btn .  have  t>een  suggested  i"ecently  iis  non^lrrStant 
preparations  suitable  for  intenml  tt^^e,  but  no  condition  is  known  at  preseat  i 
bn  which  the  general  action  of  copper  is  of  benefits 
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In  cases  of  Poisonillg  with  copper  aalts,  the  stomach  generally  rejeote  tk 
metal  by  vomiting,  and  no  emetic  is  required.  Non-corrosive  oompoiuds 
may  be  formed  by  giving  milk,  egg,  or  other  forms  of  albumin,  tannic  acid, 
magnesia,  or  ferrocyanide  of  potassium.  Morphine  may  be  required  for  tiie 
pain,  ice  to  stop  the  vomiting. 
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VL    ZIHG. 

The  effects  of  zinc  resemble  those  of  copper  90  doselj  that  they  need 
only  brief  mention.  Like  copper,  the  soluble  salts  form  insolable  albo- 
miuates  and  therefore  possess  an  astringent  action,  or  in  large  quantities 
act  as  irritants  and  oorroeives.  The  sulphate  is  the  aolnble  oak  atst 
commonly  used  in  medicine,  but  the  chloride  has  frequenlly  giTenrae 
to  corrosive  poisoning,  and  is  therefore  of  greater  importaiioe  tban 
the  chloride  of  copper.  The  sulphate  is  much  leas  irritant  and  moie 
astringent  than  the  chloride,  whidi  is  used  only  as  a  eaoslie  and  •£&- 
infectant. 

83rBiptonis.  —  The  sulphate  of  nnc  has  a  hanh,  melallie  taste,  and  ia 
small  doses  causes  naosea  and  Tomitii^,  in  larger  qnantities  Tiidat 
vomiting  and  pui^i^,  pain  in  the  abdomen  and  eoUapae;  thoe 
symptoms  are  due  to  the  load  action  on  the  stomach  and 
The  insoluble  zinc  oxide  and  carbonate  are  leas  lidhle  to 
irritation  than  the  sulphate,  but  their  prolonged  ingestion  hns  given 
ri<e  to  dyspepsiia  and  constipation  or  diarrhoea  in  some  cnBQ&  Tfe 
oontiniHxl  administration  of  nnc  salts  has  no  eAxts  in  man,  cacept 
tiH><e  of  liis^^rdeivd  dige<4ion  and  constipatioa,  and  Lefanmin  cooid 
deteot  iK>  offtxns  in  the  do^.  after  the  adminiftiation  of  155  G.  ef  ^ 
carbcffiate  in  the  c^MiHie  of  iv>5  days^  althoi]^  a  \ 
of  the  metal  haKl  been  absorbed. 

In  workers  in  ziiK\  a  ciiriotis  o.>Ddinon  known 
a^n^e,  is  txva^iooally  met  with.     Ii  is  ushePEJ  in  by  a  settse  of  gmml 
di:^\^mf>rt  and  wetknes^  with  moie  or  less  pain  in  < 
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^Bibe  bo*iy  ;  later  proloiigt'd  rigors  aud  ^hiveriogare  fallowed  by  a  mpid 
aooeleration  of  tbe  pulse^  ooughiDg  and  &orc*iiei%s  of  the  chest,  and  head- 
ache. These  symptoms  give  place  to  profuse  perspinition^  and  the 
patient  sinks  into  a  sleep  from  winch  he  awakes  in  ordinary  health. 
The  attack]?  may  return  frequently,  and  seem  to  be  due  to  the  fnines 
of  £inc  which  escape  in  the  process  of  casting.  A  number  of  obscure 
oervouB  condition;^  have  also  been  de^^cribed  as  ariising  from  zinc  in 
workmen  in  brass  factories  and  bronze  works,  but  they  seem  to  be  ex- 
tremely rare,  and  it  is  questionable  whether  they  are  really  due  to  the 
c  or  to  its  impurities,  such  as  arsenic  and  lead. 

Actitn. — The  general  aetioa  of  zinc  can  tbej'cfore  be  observed  only  when 
It  id  injected  intra vmiously,  or  hypodermieiilly.  For  thl*  purpose,  the 
double  salu  alone  can  be  used,  as  the  ordinary  salts  precipitate  the  protcitb 
of  tbe  blood  when  injected  into  a  vein,  and  eaufle  acute  irriUition  when  ap- 
plied subcutaneotisly.  lu  the  frog,  /Aue  m  found  to  caase  weaktiesa  and 
JBOoOQed  reflex  excitability^  and  the  heart  becomes  weak  and  Luefliclent^  ir- 
re^Uu*  and  slow^  atid  eventually  ceases  in  dia^^lole.  The  action  seems  to  be 
exercised  chiefly  ou  tbe  cent  ml  nervuay  By»tcm  tintl  the  heiixt,  although  tho 
VoluDtary  miiscrk^s  resipund  more  weakly  to  the  electric  current  iu  life»  and 
lorn  their  irritability  entirely  «oui»  after  dealh.  Meihuixeji  inferred  from  his 
ezperiDienUi  that  the  zinc  .salti^  reduce  the  reflex  irritability  markedly  in 
the  frog^j  but  he  used  an  irritant  i^lt  ami  this  invalidates  hi9  resuJta* 

In  luammald  the  intrnvenouii  inject  ion  of  dnc  eausea  vomitiug  and  diar* 
rheea,  weaknc^^  tremor,  autl  {ntraly^is  of  the  extremities ;  and  the  itoiDftclit 
intestine  and  heart  continn  small  biemorrhages.  Tbe  blood -pressure  nnwiii 
to  be  but  little  atleeted,  uuiil  ju»t  before  de^ith,  but  tbe  pulse  is  slowed* 
Helpup  fouud  that  the  »u  ben  I  an  eons  iujeetion  i»f  zinc  mila  induced  cong|es- 
tiou  aud  parenchymatoui*  iiiHamniatioo  of  the  kidney. 

Zinc  aeem!*  therefore  to  depress  the  central  nervous  system^  and  to  a  lest 
extent  the  heart  and  voluntary  muscleBj  and  to  cause  irritation  and  congM- 
tion  of  the  mucous  membrane  of  the  «tomaeh  and  inte^itine,  and  intUunniA- 
tion  of  the  kidney.  The  fact  that  vomiting  occurs  from  the  intravenous  in- 
jection of  xinc  salti*  might  seem  to  indicate  that  it  acta  directly  on  the 
medullary  centre  for  vomiting,  but  may  more  probably  be  explained  by  the 
metjil  inducing  inflammation  in  the  stomach.  These  efl'ects  occur,  how- 
ever, only  when  the  nteliil  is  administered  by  way  of  the  blood  veesels  or 
sulHruttincously. 

i&inc  has,  according  to  Grahe  and  Kobert,  a  speciid  afllnity  for  the  htemo- 
globin,  with  which  it  form^^  a  comf>otmd  (zinc-humiol),  but  it^admiuihtration 
liae  no  effect  on  the  formation  of  htemoi^lobin. 

Lebouiau  found  that  of  the  xinc  absorbed  tn>m  the  stemach  and  intestine, 
most  is  eoatained  in  the  liver  and  l>de,  lees  in  tbe  spleen,  kidney,  thyroid  and 
pellCftiAS,  aud  very  little  iu  the  other  tij^sues.  Zinc  b*  excreted  by  thestom- 
aeh  and  intestinal  walb,  and  iu  much  Hmnllcr  amount**  in  the  bile  and  urtne* 

Locke  found  xinc  to  pKissi^ss  a  poisonous  action  on  the  tadpole  and  tuhifex 
wimi  preeeiit  in  ti«ces  in  the  water  in  which  they  lived,  but  this  ctt'ect  was 
Weaker  thmxi  that  of  copper.  Richter  states  that  zinc  b  lei^  poisonous  to 
ftingi  than  copper,  and  very  weak  solutions  seem  to  promote  their  growth. 
Tbe  xinc  salts  seem  to  be  in  general  much  w  eaker  than  thoee  of  copper,  which 
tliey  leeemble  closely  in  other  roepecte. 

Preparations- 
Mtmtmm  (0.  B.  P.),  metallic  xinc,  is  used  only  to  form  the  other  prepaim^ 

Midi  SB  a  vesffsiiit 
ZiHvi  Sulphas  (U*  8.  P.,  B.  F.)  (ZiiSO^ -f  7H^0),  ootorlces,  limnspareftV 
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odorless  crystals,  with  a  harsh,  astringent,  metallic  taste,  soluble  in  water, 
not  in  alcohol.  0.5-2  6.  (8--80  grs.),  as  emetic;  0.05-0.2  G.  (1-3  gn.),m 
epilepsy. 

Zinci  Oxidum  (U.  S.  P.,  B.  P.)  (ZnO),  an  amorphous  white  powder  wiUi- 
out  odor  or  taste,  insoluble  in  water.     0.1-0.5  G.  (2-8  grs.). 

Zinci  Carbonas  PrsecipUatuB  (U.  S.  P.),  Rnci  Carhonaa  (B.  P.),  aprepan- 
tion  varying  somewhat  in  composition,  but  always  containing  some  oxide, 
which  it  resembles  in  appearance  and  solubility.     0.1-0.5  G.  (2-8  grs.). 

Unguentum  Zinci  Oxidi  (U.  S.  P.),  1  part  to  4  of  benzoinated  lard. 

Unguentum  Zinci  (B.  P.),  15  per  cent,  of  the  oxide. 

Olcatum  Zinci  (U.  S.  P.),  a  yellowish- white  mass  of  the  consistency  of 
ointment. 

Unguentum  Zinci  Oleatis  (B.  P.). 

Zinci  Chloridum  (U.  S.  P.,  B.  P.)  (ZnCl^,  a  white  powder,  or  porcelain-like 
mass,  irregular,  or  moulded  into  pencils,  odorless  and  stronj^y  caustic,  very 
deliquescent,  and  soluble  in  water  and  alcohol. 

Liquor  Zinci  Chlaridi  (U.  S.  P.,  B.  P.),  about  86  per  cent. 

Zinci  Acetas  (U.  S.  P.,  B.  P.)  (Zn(C,H,0,),  -f  2H,0).    0.05-0.1  G.  (1-2 gre.). 

Zinci  Valenanaa  (U.  S.  P.,  B.  P.)  (Zn(CjH,0,),  -h  2H,0).     0.05-0.1  G. 

Zinci  Bromidum  (U.  S.  P.)  (ZnBr^.     0.05-0.1  G. 

Zinci  lodidum  (U.  S.  P.  )  (Znl^.     0.05-0  1  G. 

Zinci  Phosphidum  (U.  S.  P.)  (Zi^P,).     0.008-0.005  G. 

Zinci  Sulphocarbolaa  (U.  S.  P.,  B.  P.)  (ZnCC^jSO^),  4-  H,0),  colorles  ays- 
tals  with  an  astringent  taste,  soluble  in  water  and  in  alcohoL  Used  exter- 
nally iu  1  per  cent,  solution.     (See  page  422.) 

Therapeutic  Uses.  —  Zinc  sulphate  has  been  osed  internally  as  an 
emetic,  but  not  so  widely  as  the  sulj^te  of  copper,  althot^  it  is 
equally  efficient  The  sulphate,  the  oxide  and  the  carbonate  have  been 
advised  in  the  treatment  of  various  brain  diseases,  saah  as  ejNlep^, 
chorea  and  hjrsteria,  in  which  zinc  is  believed  to  act  as  a  sedative. 
Ex^x'rimeuts  on  animals  and  on  healthy  persons  give  no  reason  to  be- 
lieve in  this  sedative  action,  and  clinicians  are  divided  as  to  its  nseiiil- 
ness  in  these  diseases,  but  there  is  some  support  for  the  treatment.  The 
oxide  aud  sulphate  are  seldom  employed  as  astrii^ents  in  diarrhon. 

Externally,  the  zinc  preparations,  with  the  exception  of  the  chlofidey 
are  used  as  astringents,  the  solphate  beii^  applied  in  solodon,  die 
03[ide  and  carbonate  as  powders  or  as  ointments,  which  most  prcfier  to 
the  oleate.  The  oxide  is  especially  osefhl  as  an  application  in  manj  ^kiu 
diseases.  Solutions  of  the  sulphate  are  used  as  an  eye  wadi  (f  per  ecnt.) 
ami  as  an  injection  in  gonorrhoea  (1—4  per  cent.V  In  the  last  cnse  it  is 
sometimes  formed  into  a  mixture  with  acetate  of  lend,  tlie  svlphate  of 
lead  which  iv$ult$  being  credited  with  some  astringent  acdoa  aad  not 
bein^  \v^hed  off  so  readily  from  the  diseased  snrfiMe.  TW  salpfao^cnr- 
bobte  is  also  used  as  a  orethral  injection,  and  the  silicylafee  aad  the 
sulphiwioik^late  of  zinc  have  also  been  introduced  » j 
s^L^ptio  applications. 

The  chloride  of  xinc  diflers  from  the  other  salt?  in  1 
tio,  ;ind  is  U5e\i  as  a  paste  or  in  pencil  form  to  destroy  i 
iu  ohanore^  and  canOTmoos  soresw  It  produces  a  while  csc&ar  SMi  ss  said  o> 
K^  U^ss  Ii^ib^e  to  >pr^;id  over  the  sot^kc  than  potaasiaai.  boK  pcKecrafie?  nbecfi- 
dernils  \v::h  viidlv-ttlty.  and  it  is  ihcpefore  advisabie  to  destroy  ^i?  wik  i 
siuiu  or  A  Mister  before  applying  the  caiKtic.  It  i 
dour  v>r  dried  g^piiimn.  and  water  to  a  pKte  (daqfiia'a  fasce«L 
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active  caustic  is  desired.  Its  use  is  much  more  restricted  at  the  present 
time  than  formerly^  when  there  was  greater  apprehension  of  the  minor  surgi* 
cat  operations^  but  it  has  been  rteumtoended  ws  a  amstic  and  tlisinfeclant 
appHcatioQ  in  inoperable  cancer*  lu  very  dihite  solution  it  has  b*?en  applied 
as  a  disinrectant  lotion  or  iiyection  (1  iu  5,000),  Burnett-s  disiJifecting  solu- 
tion (a  somewhat  stronger  solution  than  the  official  liquor)  is  used  to  disin- 
fect fieees  and  urinals,  and  the  liquor  of  the  pbarmacopceta  may  be  employed 
for  the  same  purpose.  It  has  frequently  given  rise  to  severe  corrosive 
poisooiog  from  being  swallowed  accidentally  or  Huirldally* 

The  acetate  of  zinc  acts  in  the  same  way  as  the  sulphate  and  may  be  used 
for  the  same  purpcjse.  The  valeriaoale  and  bromide  have  been  introduced 
with  the  intention  of  combining  the  action  of  zinc  with  that  of  valerian  or 
bromide  in  hysteria  and  epilepsy,  but  valerianic  acid  is  entirely  devoid  of 
any  action  on  the  bniin  (see  Valerian,  page  74)  and  the  bromide  is  given  in 
too  small  doses  to  exert  any  influence.  The  iodide  is  used  in  a  similar  at- 
tempt to  combine  the  itstringent  effects  of  zinc  and  the  apeciSc  action  of 
iodide??,  but  is  open  to  the  same  objection.  The  action  of  the  pho»iihide  is 
practically  identical  with  that  of  pho^tphorus.  Poisoning  with  zinc  la  treated 
ID  the  same  way  as  that  with  cop|>er, 
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^■The  only  salt  of  silver  used  at  all  extensively  in  medicine  is  the 
Ditmte,  which  is  caustic,  nstrinj^ot  antl  antisc^^Jtic.  Added  to  solutions 
of  pruteids,  it  Ibrms  u  lieavy  precipitate  of  albuminate^  which  is  at 
fir^t  white  in  color  but  turns  darker  in  the  light  as  the  silver  is  re- 
duoed,  and  which  is  soluble  in  the  presence  of  chlorides.  Van  der 
Does  has  recently  formed  a  soluble  coni|)ouftd  of  proteid  and  uietallic 
silver  which  was  not  coagulated  by  heat  and  which  failed  to  putrefy 
after  being  kept  for  several  weeks. 

STmptoma.  —  In  dilute  solution  silver  is  a  slight  irritant  to  the  skin, 
and  causes  reiluess  and  itching  only,  but  more  concentnited  solutions 
blister,  and  the  solid  nitrate  of  silver  causes  an  eschar,  which  is  at  first 
white,  but  later  turns  black  from  the  riHliiction  of  the  silver  in  light. 
On  the  mucous  membrane,  dilute  solutions  act  as  astringents,  but  con- 
centrated cause  irritation  and  corrosiou.  The  ainstic  action  of  silver 
d<x«  not  extend  su  deeply  as  ihat  of  mme  other  metals,  such  as  mer- 
cury, because  the  pcnctrutiou  of  the  metal  is  limiteil  l>y  the  membrane 
of  silver  albuminate  lormetl.  On  the  other  haml^  the  silver  sidts  are 
more  irritant  than  th<ise  of  lead. 

Dilute  solutions  of  silver  nitrate  are  s^iid  to  contract  the  vessels 
when  they  are  appliiHl  Unsillyy  ami  this  may  be  correct  under  some 
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ctrcumstancesj  but  if  irritation  is  induced,  tbe  Teaieb  an?  cntainljf 
dilated.  The  astringent  action  is  to  be  attributed  not  to  way  aHJoQoo 
the  vessoky  but  to  the  formation  of  a  protective  layer  of  ccMguhtd 
albumin. 

In  acute  silver  poisoning  from  the  ingestion  of  silver  nitrate,  the 
symptoms  are  those  of  severe  gastro- intestinal  iiritattoo  ajid  oortom. 
Burning  pain  is  felt  in  the  throat  and  stomach,  and  ie  JbUoWfd  by 
naysea  and  vomiting  and  often  by  purging.  The  month  is  eo^^crai 
M'ith  a  grayish -white  membrane,  which  turns  darker  after  a  time,  but 
this  is  absent  if  the  poison  be  swallowed  in  the  solid  fonn^  aa  hm  hp- 
pened  sometimes.  The  corrosion  of  the  stomach  and  int^'Stine  eauew 
collapee,  wath  weak  pulse,  shallow  respiration  and  pinched  features,  and 
this  may  be  followed  by  coma,  convulsions  and  death.  The  ihroai, 
stomach  and  intestine  presenteil  the  ordinary  appearanoes  of  acute  oo^ 
rosive  poisoning  in  one  case  in  which  an  autopsy  was  performed* 

Action.  —The  symptoms  of  acute  poisoning  are  due  to  the  local actioD^ 
and  present  no  features  suggesting  that  silver  ia  absorbed  and  causes  general 
poiHoning.     The  action  of  silver  aft^^r  absorption  has,  however,  been  invesli- 
gated  in  animals  poiHoued  by  subcutaneous  or  intravenous  i^jecUoB.    The 
nitrate^  owing  to  its  eoa^rilftttng  properties^  is  unsuitable  for  this  pnipoM, 
and  the  bypoBulphite  of  sodium  and  silver,  or  a  solution  of  the  albumtnite 
has  therefore  been  used-     In  mammals  the  central  ner\'o«8  system  is  the 
chief  H€*at  of  action,  t*specially  the  medulla  oblongata,  which  seems  to  be 
fitiniuhitccl  at  ftrst,  for  the  bloo<l -pressure  rist-s  and  the  pube  is  somewbit 
glow  J   owing  to  iiKTeai^ed  activity  of  the  vaso-motor  and  vagus  cent 
Later  the  blood-pressure  falls,  and  the  respiration  becomes  alow  and  lal 
and  eventually  ceiise^s  from  pamJysis  of  the  centre,     Gaeihgens  aaseHa 
the  €liaphrag:in,  and  eventually  the  other  striated  muscles  are  paralyzed  8060 
ailerward.s.     The  heart  is  comparatively  little  affected,  and  often  eoniiaaes 
to  beat  some  time  after  the  re«pinition  has  t^tcppped.     In  less  acute  poison* 
ing,  when  the  animal   survivei*  the  injection  for  several  hours  or  dayfi,  a 
marked  increase  in  the  bronehial  secretion,  culminating  in  cedema  of  tie 
lungs,  baa  l)eeu  noted  ;  no  satlsfoctory  explanation  of  this  has  been  advanced. 
but  it  does  not  treem  due  to  eartliac  inefficiency  and  occun*  also  when  the 
excised    limg  is  perfiist^d   wilh    blood   containing   silver.     Congelation   aud 
erchymoscH  are  found  in  llic  stomach  and  intestine,  and  some  authors  men- 
tion nleeration  of  the^e  myeous  membranes.     Cohnstein   found  that  sniall 
quantities  of  silver  salts  injected  intravenously  cause  some  increase  in  the 
urine  for  a  time,  but  that  larger  quantities  are  followed  by  albuminuria. 

In  coki-blooded  animals  and  in  invert4*bratc8,  silver  preps  rat  tons  are  said 
to  cause  violent  convulsions,  resembling  those  of  strychnine  and  followed  by 
general  pamlysis.  The  heart  is,  according  to  one  investigator,  little  afi'eoted, 
according  to  another,  it  is  found  in  diastole. 

The  general  action  of  silver  is  thus  apparently  directed  first  of  all  against 
the  medulla  oblongata,  the  rest  of  the  central  nervous  system  being  aifectcd 
to  a  le*is  extent.  The  mucous  membrane  of  the  stomach  and  intesttne  is 
acted  on,  as  by  most  heavy  metals,  and  the  kidney  is  also  liable  to  irritation, 
(Edema  of  the  lungs  occurs  frequently. 

Chronic  PoisonixLg.  —  None  of  these  effects  have  lieen  observed  in 
man,  ami  in  fact  there  is  no  evidence  that  in  acute  {K>isoning  any  con* 
siderable  amount  of  the  metal  is  absorbed  from  the  stomach  and  in- 
testine. When  silver  is  given  for  prolonged  peritxls,  however,  eome 
is  absorbed,  although  probably  only  a  minute  fraction  of  that  actually 
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llowed.     In  the  stomach  small  quaiitkies  of  soluble  gilver  salts  are 
ably  changed  to  the   chloride  and   albuminate^  but  the  form  in 
ich  the  metal  is  absorbed  has  proved  a  subject  of  dispute.     It  seems 
taken  up  in  solution,  for  none  of  it  is  found  in  the  epithelium  of 
[stomach  and  intestine,  and  gome  of  it  may  circulate  in  the  bloml 
soluble  form  for  a  short  time.     But  the  greater  proportion  is  very 
thrown  down  in  the  form  of  minute  granules,  wlueh  were  for- 
ly  believed  tiD  be  metallic  silver,  but  which  have  more  recently 
said  to  be  one  of  its  organic  comp<iunds.     Tiie  formation  of  this 
gnt  is  quite  different  from  the  reduction  of  silver  in  sunlight,  for 
cars  in  complete  darkness.     The  change  apparently  takes  plac^  in 
I  cells,  especially  in  the  leucocytes,  but  the  granules  are  afterwards 
aded  into  the  surrounding  fluid.    They  are  found  in  tlie  connective 
lues  of  the  body  chiefly,  and  when  present  in  quantity,  give  a  dark 
[)r   to  the  skin   and   muc*ius  membranes.     This  pigmentation  (Ar- 
a)  WHS  much  commoner  formerly  than  at  the  present  time,  but 
Bral  cases  have  been  descrilx^l  quite  recently.     The  chief  source  of 
jnic  silver  poisoning  or  argyria  was  formerly  the  treatment  of 
ptlepsy  with  the   nitrate.      It  has  also  arisen  locally  from  the  pro- 
loogtfd  use  of  silver  nitrate  solution  as  an  application  to  the  eye,  throat, 
vagina,  and  occurs  in*  the  workers  in  artificial  pearls,  who  use 
rer  as  a  pigment. 

The  deposit  of  the  silver  in  the  skin  gives  it  a  darker  color,  varying 
light  gray  in  mild  cases  to  a  darker  slate  shade  after  more  pro- 
use.  It  is  generally  distributed  all  over  the  Ixjdy,  but  in  some 
has  been  especially  marked  in  the  ftice,  and  it  is  said  to  begin  in 
gams,  where  it  causes  a  dark,  slate-c«>lored  line  somewhat  resem- 
bling the  lead  line.  In  the  skin  it  is  found  in  the  eoriura,  not  in  the 
epidermis.  The  de[K)sit  and  the  dark  color  extend  throughout  the 
alimentary  canal  and  the  respiratory  passages,  the  granules  occurring 
in  the  ci>nnective  tissue,  particularly  in  the  intestinal  villi,  and  not  in 
the  epithelium.  The  glomeruli  of  the  kidneys,  the  connective  tissue 
of  the  liver  and  spleen,  the  choroid  plexus,  the  tunica  intima  of  the 
norta,  the  serous  membranes,  and  the  mesenteric  lymph  glands  contain 
more  of  the  depisit  tlian  other  organs.  The  pigmentation  is  not  ac- 
companied by  any  other  symptom  of  imiK3rtance,  and  the  victims  live 
to  old  age  without  suffering  irom  the  chronic  poisoning  in  any  way, 
except  from  the  arnnjyanee  induced  by  the  change  in  color. 

Local  argyria  is  sometimes  met  with  from  the  prolonged  application 
of  silver  nitrate  to  the  eye  or  throat,  when  it  lints  the  eyelids  and 
mouth,  and  fnira  working  with  silver,  when  the  hands  are  permanently 

fickened  fn>m  the  granules  being  fbrcetl  into  the  skin. 
Argyria  is  quite  incurable,  although  many  attempts  have  been  made 
io  remove  it.  Iodide  has  btn^n  tried,  ii>r  the  most  part  without  effect, 
and  blistering  is  equally  valueless  as  the  pigment  lies  deeper  than  the 
epidermis.  The  only  known  solvent  of  the  granides  is  cyanide  of 
[Potassium,  and  of  course  this  is  inadmissible  owing  to  its  powerful 
»oous  action. 
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Argyria  has  been  induced  in  animals  by  prolonged  treatment  ^th 
small  doses  of  silver  salts,  though  the  pigment  is  not  found  in  the  skin 
in  them,  but  in  the  duodenal  mucous  membrane  and  the  mesentery 
attached  to  it,  the  mesenteric  lymph  glands,  the  spleen  and  liver.  A 
still  more  limited  area  of  argyria  has  been  caused  in  animals  reeeutly 
by  administering  for  a  few  weeks  the  glycyrrhizinate  of  silver.  It  is 
not  unlikely  that  more  prolonged  administration  would  lead  to  other 
organs  and  perhaps  the  skin  being  involved.  A  deposit  of  silver  pig- 
ment has  also  been  induced  in  animals  by  a  single  injection  of  a  non- 
irritant  preparation  into  a  vein,  or  into  the  subcutaneous  tissue.  Here 
the  silver  is  found  at  first  in  the  liver  capillaries,  the  glomeruli  of  the 
kidney,  the  intestine  and  the  bone  marrow,  but  is  afterwards  taken  up 
by  the  leucocytes,  and  carried  to  all  the  organs  of  the  body.  Various 
symptoms  of  chronic  poisoning  quite  apart  from  aigyria  have  been  de- 
scribed in  animals  from  prolonged  treatment  with  silver,  but  it  would 
seem  that  they  were  due  not  to  the  direct  action  of  the  drug,  but  to  the 
continued  irritation  of  the  stomach  and  intestine,  as  they  were  entirely 
absent  when  less  irritant  preparations  and  greater  care  in  administra- 
tion were  used. 

In  man  it  seems  likely  that  most  of  the  silver  passes  throngh  the 
alimentary  canal  unabsorbed,  and  that  the  small  proportion  taken  up 
by  the  tissues  is  precipitated  and  remains  embedded  in  them  indefi- 
nitely, for  the  pigmentation  remains  unchanging  in  its  depth,  and  there 
is  therefore  no  reason  to  suppose  that  any  of  the  silver  is  eliminated. 

In  animals,  however,  some  of  the  silver  injected  hypodermically  or 
intravenously  is  excreted  by  the  epithelium  of  the  alimentary  canal. 
None  appears  in  the  urine.  In  the  frog,  silver  injected  hypodermically 
is  all  excreted  by  the  epithelium  of  the  tongue,  is  swallowed,  and 
passes  out  in  the  faeces.  No  other  poison  is  known  to  be  eliminated 
by  this  channel. 

Silver  nitrate  is  a  powerful  antiseptic,  partly  fix)m  its  action  in  co- 
agulating the  proteids  of  the  micro-organisms,  partly  from  the  specific 
effects  of  the  metal,  as  is  shown  by  the  fact  that  the  albuminate  of  sil- 
ver is  also  an  active  disinfectant. 

Preparations. 

Ar genii  Nitraa  (U.  S.  P.,  B.  P.)  (AgNO^),  colorless  crystals  which  be- 
come gray  or  grayish-black  on  exposure  to  light  in  the  presenc'e  of  orgaoic 
matter,  with  a  bitter,  caustic,  strongly  metallic  taste,  very  soluble  in  water, 
less  so  in  alcohol.     0.01-0.03  G.  (^-^  gr.)  in  pills  made  up  with  kaolin. 

Akgenti  Nitras  Fusus  (U.  S.  P.),  mould^  nitrate  of  silver,  lunar  caus- 
tic—a white,  hard  solid,  generally  cast  in  the  form  of  pencils. 

Argenti  Nitras  Induratus  (B.  P.),  toughened  caustic,  a  silver  nitrate 
fused  with  5  per  cent,  of  nitrate  of  potassium. 

Argenti  Nitras  Dilutua  (U.  S.  P.),  ArgenH  Nitraa  MUigatus  (B.  P.),  miti- 
gated caustic,  consists  of  one  part  of  nitrate  of  silver  and  two  parts  of  nitrate 
of  potassium  fused  into  rods  like  lunar  caustic. 

Argenti  lodidum  (U.  8.  P.)  (Agl),  a  heavy,  amorphous,  yellow  powder, 
Insoluble  in  water  or  alcohol. 

Argenti  Oxidum  (U.  S.  P.,  B.  P.)  (Ag,0),  a  heavy,  brownish-black  powder^ 
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odorless  and  having  a  metallic  taste,  ver\^  little  soluble  in  water,     0.03-0, 1 
G.  (1-2  grs.). 

The  silver  preparations  ought  to  be  kept  in  dark  amber-colored  bottles,  in 
order  to  prevent  their  bcnng  reduced  by  light,  und  ought  not  to  be  prescribed 
with  organic  matter,  which  rapidly  reduces  them. 

Therapeutic  Uses.  —  Si!ver  nitrate  piUa  have  been  iXH^ommended  in 
some  forma  of  dyspepsia  and  vomiting,  and  in  gastric  ulcer,  and  liave 
also  bccu  used  as  astringents  in  diarrhoea,  but  generally  with  little 
benefit,  A  very  ancient  use  of  silver  oxide,  and  more  recently  of  the 
nitrate,  is  that  in  the  treatment  of  epilepsy,  chorea,  taix^s  and  various 
Dther  nervous  diseases.  This  dates  from  the  Arabs,  and  is  said  to 
have  orii^inated  from  the  astrological  medicine  of  tliat  |>eriod,  wirich 
taught  that  nervous  diseases  were  esiKH-ially  atlcctcd  l»y  the  phages  of 
the  moon,  which  was  associated  with  silver  in  their  system  (hence, 
lunar  caustic,  lunacy).  Clinical  ex[>erience  shows  that  silver  is  of  no 
benefit  in  epilepsy,  and,  in  fact,  it  is  iniprohable  that  silver  roaches  the 
central  nervous  system  in  any  other  form  than  inert  granules.  This 
use  of  silver  very  often  gave  rise  to  argyria  without  benefiting  the  pa* 
tieot,  abc3ut  15-30  G.  proving  sufficient  to  cause  markt^l  |jigmentation. 

Externally,  silver  nitrate  is  emphwed  very  extensively,  the  sticks  of 
lunar  caustic  belog  uscil  to  <lestroy  warts  and  other  small  skin  growths^ 
to  arrest  C4ipillary  hiemorrhage,  to  destroy  the  false  membranes  of 
diphtheria,  and  for  other  similar  purposes.  Where  a  milder  c^iustio  ia 
required  the  mitigated  caustic  is  used  instead  of  ordinary  lunar  caus- 
tic. A  solution  of  2-5  per  cent,  may  also  be  applie*!  to  cauteri/x'  chan- 
cres and  indolent  ulcers,  and  one  of  1-2  jxt  cent,  may  l)e  painted  on 
mucous  membnmes  as  an  irritant  antiseptic,  A  solution  of  common  salt 
is  then  used  to  wash  the  part,  in  onler  to  reinove  the  excess  of  silver. 
In  ophthalmia,  especially  of  the  infectious  form,  a  solution  of  1—2  per 
cent,  is  extremely  valuable,  and,  in  fact,  a  routine  treatment  in  some 
lying-in  hospitals  is  to  wash  the  eyes  of  the  infant  with  this  solution 
immediately  after  birth  as  a  j>rophy lactic  measure  to  prevent  oph- 
thalmia, A  solution  of  this  strength  is  only  to  be  used  by  the  surgeon 
biiDdelf,  and  the  eye  should  Ix'  washed  out  with  a  ealt  S4»lution  at 
once.  A  more  dilute  solution  {\—^  per  cent.)  may  1x5  used  as  a  lotion 
for  the  eye  more  frt^juently,  may  be  applicil  to  extensively  denuded 
aurfaoeSy  as  burns,  and  is  often  thrown  into  the  rectum  in  clironic 
dj'Bontery.  In  gonorrhcea  the  nitrate  of  silver,  one  part  in  50()-2(X)O 
of  water,  is  used  as  an  injecti<m,  and  is  found  to  have  great  value,  de- 
etn»ying  the  gonococci  and  prnmotiug  healing.  Very  much  stronger 
solutions  (up  to  5  per  cent.)  Iiave  been  used  to  abort  the  disease  iu  ita 
oDset,  but  cause  great  pain. 

The  precipitation  of  silver  nitrate  by  proteida  and  chlondea  ocmfinM  ita 
disinfectant  action  to  narrower  limit^i  ihim  those  of  some  other  aatbepticHy 
and  this  has  led  to  tlie  introduction  of  a  number  of  other  compounds,  wKirh 
are  leas  easily  diss<XMuied  and  accor<lingty  less  liable  to  be  thrown  out  of  so- 
lution. Thus  artjentamine,  a  ten  per  cent,  solution  of  silver  phosphate  in 
tesk  per  oent.  ethytendiamine  solution,  has  been  used  in  gonorrhoea  diluted 
to  1 : 1,000-5,000,  in  the  eye  In  five  per  cent,  solution.     It  penetrates  better 
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some  coQStipatioQ.  It  gives  the  stools  a  black  color,  which  is  gener- 
mlly  believed  to  be  due  to  the  fonnation  of  the  sulphide  of  bismuth, 
but  which  Quincke  ascribes  to  the  reduction  of  the  subuitrate  in  the 
intestine. 

Very  little  of  the  bismuth  swallowed  is  absorbed,  but  several  au- 
loritici}  have  fouod  traces  in  the  urioe  of  |>atienti5  treated  with  it  in* 
rDally  so  that  some  evideutly  pas.*ie8  into  the  blood  under  certain 
kuowu  conditions.  Knormuiis  quautities  have  been  administered 
intenially  without  any  gymptomj*  of  poisoning  being  elicited,  but  in  one 
two  cases  some  stomatiti*^  has  bt^en  n-marked^  while  in  other  in- 
ces  large  concretions  of  bismuth  have  been  i*»und  in  tlie  stomach 
and  bowel.  Some  of  the  older  writers  dfi^cribe  serious  poisoning  from 
lusmuth,  but  tliis  was  not  due  to  the  drug  itself,  but  to  the  le-ad,  arsenic, 
or  antimony  with  which  it  was  contaniinate<]J  As  long  as  bismuth 
was  given  only  internally,  no  serious  symptoms  arose  from  its  action, 
and  in  fact  any  effects  whatever  beyond  slight  consli|Mtion  were  ex- 
tremely rare.  But  since  its  use  was  extended  to  wounded  surfaces, 
several  cases  of  serious  intoxication  have  occurred.  The  symptoms 
are  salivatioOy  swelling  of  tlie  gums,  tongue,  and  throat,  pain  and 
difficulty  in  swallowing,  black  sjwts  in  the  month  and  throat,  and  gan- 
grene of  the  soft  palate  and  otlier  parts  of  the  mucous  membrane  of  the 
mouth*  Vomiting,  diarrhoea  and  alliuminuria  follow,  but  the  pa- 
iieiits  generally  recover  when  the  dressing  is  removed  from  the 
tPCMUKL  In  these  cas<^  much  less  bismuth  is  applied  than  is  often 
pffeacrlbed  for  internal  use,  so  that  it  would  appar  that  it  is  absorlxHl 
wmm  rapidly  from  granulating  surfaces  than  fn)ra  the  raucous  mem- 
bnuMS,  or  that  what  is  absorbed  from  the  stomach  and  intestine  is 
prevented  by  the  liver  from  reaching  the  general  circulation. 

AeUcNL  —  Thegc'ueral  action  of  bismuth  has  been  studied  in  aninmU 
by  the  subcutaneous  or  intravenous  injection  of  tlie  double  salts,  such 
aa  the  tartmte  of  bismuth  and  sodium.  In  frogs,  the  symptoms  are 
ihoBe  of  stimulation  of  the  sptoal  conl  and  medulla  oblongata,  fotlowad 
bjr  depnasioD  and  paralysis*  The  stimulation  induces  tonic  oonvul- 
nonSp  wliieh  are  separated  by  perimis  iu  which  the  fn^  is  nt  first  aiv 
|Mranllj  nonnal,  but  in  which  symptoms  of  depression  and  {uimlrm 
appear  later.  The  peripheral  nerves  and  muscles  and  the  heart  aro 
litlle  affected. 

In  aamoials  also,  lai^   doses  act  chiefly  on    the  central   otfTCMia 

The  respiration  is  accelerated,  the  heart  -do^T^l,  and  vMeHl 

m  and  tonie  conrulsions  follow  at  short  intcrv^iiU.  dnrinti:  ^bieli  %\w 

are  ifeak  and  inooordinatt^d.    Towartl^  tlie  fAtal  iffMie  %^  iW 

tlie  heart  often  ceases  entinOy  for  >M>me  linH\  ami  ihnii  M^imi 

fhythm  quite  suddenly.     Tl»o  Mi^^nUpiv^uw*  Iklh^  ffUMljr 

to  the  weakness  of  the  hejirt,  p'lrtly  fmm  ^K'jm^v^n  i^lKi  >mm 

In  some  animals,  the  rcspinititui  Hfimm  t*rlivn*  iW  h^mti  ) 

ia  iIm  br««th,  but  th.    li^-     -^      Ji  ^nn  U\  iv  ^^m  W  1^  Vf'iwmpll  ttff 
f  pf«p«f«Uoo» 
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in  others,  the  sequence  is  reversed.  The  heart  seems  to  be  affected 
directly,  for  division  or  paralysis  of  the  vagus  nerves  does  not  alter 
the  eflfects. 

Smaller  quantities  injected  intravenously  or  subcutaneously  into 
mammals  induce  a  more  chronic  form  of  intoxication,  which  resembles 
that  seen  in  man.  The  earliest  symptoms  are  loss  of  appetite,  vomit- 
ing and  diarrhcea,  salivation  and  stomatitis  with  ulceration  of  the  gums, 
tongue  and  buccal  mucous  membrane.  Weakness,  slowness  and  iDoo- 
ordination  of  the  movements  follow,  and  except  in  very  chronic  cases, 
tetanic  convulsions  occur  at  intervals.  The  urine  contains  albumin 
and  casts.  The  weakness  gradually  deepens  into  complete  paralysis, 
and  the  animal  dies,  generally  without  convulsions.  The  heart  seems 
little  affected  in  the  chronic  intoxication,  but  the  blood-pressure  is  low 
from  the  intestinal  irritation  and  general  collapse. 

Besides  the  stomatitis  and  ulceration  of  the  mouth,  tlie  post-mortem 
appearances  in  chronic  bismuth  poisoning  in  animals  consist  in  some 
congestion,  inflammation  and  necrosis  in  the  kidney,  and  an  intense 
black  coloration  of  the  csecum  and  the  upper  part  of  the  large  intes- 
tine. This  pigmentation  is  limited  very  exactly  by  the  ileocsecal 
valve,  and  extends  throughout  the  thickness  of  the  bowel  wall.  The 
mucous  membrane  may  also  be  necrosed  in  places,  and  ulcers  and 
hsemorrhages  are  met  with  in  it.  The  black  coloration  is  due  to  a 
deposit  of  bismuth  sulphide  on  the  mucous  membrane,  and  in  the 
capillary  vessels  and  lymph  spaces.  Meyer  and  Steinfeld  found  that 
bismuth  is  excreted  all  along  the  alimentary  canal,  but  in  larger  quan- 
tities in  the  caecum  and  large  intestine  than  elsewhere,  and  they 
ascribe  the  ulceration  to  the  precipitation  of  the  sulphide  in  the 
vessels  and  the  consequent  arrest  of  the  blood-current  When  sul- 
phide solution  was  artificially  introduced  into  the  stomach  and  small 
intestine,  bismuth  caused  necrosis  and  ulceration  here  also,  so  that 
there  is  considerable  support  for  this  view. 

They  found  bismuth  to  be  stored  in  considerable  quantity  in  the  liver, 
and  to  be  excreted  by  the  urine,  stomach  and  intestine,  but  especially 
by  the  caecum  and  large  bowel.  It  has  been  found  in  the  saliva  by 
other  observers,  and  perhaps  in  traces  in  the  milk,  although  the  last  is 
not  satisfactorily  established. 

The  action  of  bismuth  in  acute  poisoning  in  animal  experiments 
seems  therefore  to  be  exerted  on  the  medulla  and  spinal  cord,  to  a  less 
extent  on  the  heart,  while  in  chronic  intoxication  the  organs  affected 
are  those  by  which  it  is  excreted  —  the  mouth,  kidney,  large  intestine 
and  caecum. 

Preparations. 

BiSMUTHi  SuBNiTRAS  (U.  S.  P.,  B.  P.),  white  bismuth,  Magisterium  Bifl- 
muthi,  bismuth  oxynitrate,  a  heavy  white  powder  odorless  and  almost  taste- 
less, insoluble  in  water  or  alcohol  but  soluble  in  nitric  or  hydrochloric  add. 
It  consists  of  a  mixture  of  the  hydrate  and  subnitrate  of  bismuth  in  varying 
proportions.*     0.3-2  Q.  (5-80  grs.),  in  powder  or  suspended  in  water. 

»The  B.  P.  defines  this  preparation  as  bismuthoxynitrate  (BiONO,H,0),  butf 
hydrate  is  almost  invariably  present. 
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BUmufhi  Subcarhonaa  (IT.  S,  T,),  Jiimnuthi  Carh^mas  (B.  P,),  bi*jmutb  oxy- 

rbonate,  a  white  or  pale  yellowish-white  powder,  varjing  in  tompoftitiuni 
odorleBs,  tasteless,  msoluble  in  water  or  alcohoL  0.3-2  G.  {bSO  grs.)  ia 
yowder. 

TVochigcus  Bi^mtUhi  Compoftitua  (B.  P.)  ;  each  contains  2  grs.  of  bismuth 

ycarlx^nate  along  with  the  earbtmates  of  magnesia  and  of  lime. 

BiMniuthi  Salicijkm  (B.  P.),  the  Hiilicylate  or  oxysalicylatc  of  bismuth,  is  a 

hite,  HiJ^orphoua  powder^  insoluhle  in  water,     5-20  grs. 

Buimnthi  Oxidnm  (B,  P,)  (Bi^O,)^  a  slightly  brown ish-yellow  powder,  in- 
•oliible  in  w*nter.      5-20  grs» 

Bi^nuifti  Ciira»  iV,  8.  P.)  (BiCJIjO^),  a  white  powder,  odorless,  tastelefis,.  j 

4ioiublo  in  water  or  alcohol ^  ii^ed  only  to  form 

Biftmuthi  et  Ammonii  Cttrat*  (U.  8,  P.),  small,,  shining,  tran.Hlncent  scales, 
odorless,  hut  with  a  slightly  aeidnlotis  and  metallic  ta«te,  and  becoming 
opaque  on  exposure  to  the  air,  very  soluble  in  water^  leas  so  in  alcohol,  0*l-» 
0.8  G.  (2-5  grs.). 

Liqvor  Biitmulhi  el  Ammonii  Citratis  (B.  P.)  contains  the  equivalent  of  5 
percent,  of  bisimuth  oxide,      j-1  fl-  dr. 

Therapeutic  Uses.  — Bismuth  has  been  used  chiefly  in  gastrio  catarrli 
and  ulcer,  and  lias  often  been  looked  ujxm  as  a  sjiecitic  in  tlie  last 
affection,  though  it  acts  simply  us  a  protective  powder  with  pi'rhapj* 
some  astringent  properties.  It  has  lieeii  fonuil  tliat  when  swallowiKl 
it  Id  at  first  deposited  in  the  most  deiiendent  part  of  the  stomach,  lint 
is  later  diHtributeil  evenly  over  the  snrface,  and  forms  a  continuoui* 
sheet  over  any  ulceration,  whieh  it  thus  protects  from  nieehauiml  injury 
frt>m  the  fiKxl,  and  also  from  the  ehemieid  action  »^f  the  g^istrie  juice. 
The  »ubnitrate  is  the  only  one  of  the  official  preparations  largely  used 
for  this  purpose,  and  is  generally  mlniinislere<l  in  quantities  of  2-3  G* 
(30—45  grs.)  per  day  in  piiwder.  Kecently  the  use  of  much  larger 
quantities  (10-15  G.,  150-250  grs.,  jier  day)  has  been  rei"omraende<i. 
Bismuth  ha"5  als4>  been  used  in  diarrho'a  for  its  astringent  and  protective 
action  on  the  intestine,  whieh  is  ag:un  due  to  its  being  ilepjsiteil  ou  the 
mucous  membrane  and  acting  as  a  mechanical  coating  over  irritateii 
surfaces. 

The  subnitrate  baa  been  advised  in  surgery  as  an  antiseptic,  astrin- 

5 pot  powder  to  replace  iodoform.  It  is  true  that  it  is  devoid  of  tbo^ 
isagreeable  odor  of  the  latter,  but  it  is  not  a  harmless  remt*<]y,  iis  WttS ' 
at  first  su}HML»sed,  for  several  cases  of  bismnth  poisoning  liave  been 
recordeil  from  its  surgicnl  use.  Like  itxioform,  its  value  depends  not 
so  inucli  on  its  germicidal  aetiou  as  on  its  absorption  of  ilie  fluids  of 
the  wound ^  whicli  rentiers  the  surface  k^s  suitable  for  the  growth  of 
bacteria.  Tlic  tlierapeutic  ns4_*s  of  the  bismuth  prt:'panif  ions  then  are 
largely  due  to  their  insolubility.  The  snbnitrate  is  generally  used^  the 
oarbonate  less  frecjnently,  wliile  the  soluble  double  citrate  is  quite 
fiuperftuous* 

Several  new  corapounds  of  bismnth  ha%'e  been  introduced  into  th  era  pent  ic« 
of  late  years,  chiefly  with  the  intention  of  combining  the  astringenl  prop*  . 
crtles  of  bismuth  with  the  antiseptic  action  of  benzol  preparatious.     Among^  j 
thasa  may  be  mentioned  the  sali^late  (B.  P.)  and  bmswite,  which  have  been 
ftsed  as  intestinal   antiseptics*  and  astrinffents.     (0,2-0*8  O.   (8-5  gTS.)»  *» 
powder.)    Others  are  derm(Ual  (galtate  of  bismnth,  C^H,(OH),OOOBiO),  airU 
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(bismuth   oxyiodide  gallate),   fhio/orm  (bisiuuth   dithioaallcvl.^=^^  -^  t-ry 
phenolate,  cre^tokde^  orphol  (-^-naphUilat^),  xerofonn  (tnbromph^^;^ 
TUiief  8ulphocarbMai€y  dermol  (chrysophenate),  eudoxin  (tetmit)do-{*^l^^  ^^mm^:^^ 
nate).     These  have  been  used  chielly  as  eutaueoii!*  applicatioiri  ^^       Im^ 
forms  of  skin  diaeajsej  in  which  au  astringeot  and  protective  \M^^^^r  ^S^^'^ 
cated,  in  burus  and  ulcers^  in  aome  ophthalmic  conditions,  anci    .^»-^   ^   4 
powders  after  operations.     Several  of  them,  such  aa  dennatol    (O.  ^"^Z^ 
and  the  pheiiulate,   crestjlate,  uapbtolate,   and    tribromphenola^^^      ^^^^m 
have  b€*en  advised  as  intestinal  antiseptics  and  astringents,  and  e/j^^   /^^^  - 
have  been  sliown  to  be  decomposed  in  the  intestine  into  bi^inu tZi    ^^ 
corresponding  aromatic   antisieptic.     Stomatitis  and  other  symf*t*^^^  \ 
been  observed  occasionally  from  the  external  application  of  these   X3^  ^^ 
]iounds,  but  they  »eem  lesa  dangerous  than  the  subnitnite  in  or*-'^'^^  jj*r 
l^oal  use.     The  phenol,  cresol,  and  other  similar  substances  freo*^       m^  ^ 
decomposition  of  these  new  compounds,  might  also  give  rise  to  syo*  J^^^  ^^-fi»i 
poisoning,  if  large  quantities  were  rapidly  formed  in  the  intestine.  -^jj^Jlf 

tol  has  no  etlect  on  the  double  sulphates  of  the  urine,  so  that  it  t^PP**-^  i^ 
does  not  act  as  a  germicide,  but  merely  as  an  astringent  protective  '  ~ 
Intestme, 
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Oeriiun. 

Cerium  is  used  to  a  limited  extent  in  therapeulics  in  the  form  of  t**| 
oxalate.  Verj-  little  is  known  of  its  elTects,  but  it  w  appiai-ently  absorb^ 
with  difficulty  from  the  stomach  and  intestine.  It  is  said  to  depreea  tl>^ 
heml,  and  to  induce  vomiting  and  purging,  with  hyj>erfemia  and  ecchymoe^ 
in  the  stomach  iind  bowel,  and  nephritis  and  congestion  in  the  kidney,  whei* 
it  is  injected  into  the  blood  vessels. 

In  therapeutics  it  is  used  in  vomiting  from  seasickneas,  pregnancy  and 
other  conditions,  in  %vhjch  irritation  of  the  stomach  is  not  the  primary  cause* 
It  is  quite  unknown  how  it  acts  in  these  cases,  but  it  is  surmised  that  its  ef- 
fects are  local  and  similar  to  those  of  bismuth  subnitrate. 

Cmi  Qxai4is  (U.  S.  P.,  B.  P.)  (Ce,(C,0,),^t>HO),  a  white  granular  powder, 
lAsleless,  odorless,  insoluble  in  water  or  alcohol.     0.1-0.6  G.  (2-10  grs,), 


rX.     ALUMINIUM  AND  ALUM. 

The  chief  pharmacopteial  preparatioa  of  alumimuni  is  the  sulphate  ol 
aluminium  and  potassium,  or  alum,  which  has  been  largely  used  for  itfl 
astriiigt^ut  prot>erties.  Mum  solutions  precipitate  albumin^  but  the 
precipitate  is  soluble  in  excess  of  the  proteid.  It  is  Dot  known 
M  hether  an  albuminate  is  formed  similar  to  those  of  the  heavy  metals, 
though  it  seems  probable  that  this  is  the  case^  Dilute  eolutious  of  alum 
have  an  astringent  effei't  from  their  throwing  dawn  a  layer  of  precip- 
itated pn>teid  on  the  surface  of  the  raucous  membraiies  or  on  wounded 
stirfliiDes,  but  larger  quant itiee  and  more  conoeut rated  eolutions  act  as 
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ints.  This  is  more  esj>ecially  the  case  wlieii  driecl  alum  ia  applied^ 
in  addition  to  its  ooagxilatiiig  effect  on  the  proteids,  this  prepara- 
has  a  great  avidity  for  water. 

rLptoms,  —  Alom  solutions  have  a  sweetiA,  astringent  taste,  and  in 
quao titles  induce  no  symptoms  except  a  feeling  of  drjniess  and 
bgency  of  the  raouth  and  throat,  and  some  constipation.  Larger 
^  act  as  gastric  irritants  and  luiu&e  naiiseii  and  vomiting,  and,  in 
feme  cases,  purging.  Even  the  largest  quantities,  however,  are 
^red  by  no  symptoms  except  those  of  gastro-intestinal  irritation 
inflammation,  and  the  long-continued  use  of  alnm  does  not  elicit 
symptoms  of  chronic  poisoning.  The  aluminium  salts  are  not  ab- 
led  ill  any  quantity  from  tlie  stomach  and  intestine,  so  that  no 
|itotns  of  general  poisoning  arise  from  the  internal  use  of  the  sjilt. 
^inium  vessels  may  be  used  for  cooking,  or  even  to  contain  acids, 
lout  danger  of  intoxication,  as  has  been  shown  by  a  recent  series 
ivestigations* 

fo  case  of  aluminium  p/isoning  presenting  the  symptoms  of  gen- 
intoxication  has  been  recorded  as  yet,  but  if  the  newer  prepara- 
B  are  used  as  extensively  and  negligently  tm  some  of  the  other 
brn  panaceas,  medical  literature  will  probably  lie  enriched  by  such 
itions  in  the  near  future. 

Juminiuin  sidtii,  especially  the  at^tate,  chloride  and  some  more 
at  preparations,  have  very  c^msiderable  antiseptic  jwwer,  ranch 
e  than  some  of  the  more  generally  used  antiseptics,  such  as  boric 


BiioiL.  —  Alumiiiium  has  a  very  remarkable  general  action  when  it 
Ins  aceese  to  the  blood.  In  SiemVs  experiments  oa  tiuimals,  the  sodium- 
Imlmn  lactate  or  tartrate  induced  a  very  slow  i u to xi cation,  mamniaU 
ir  dying  from  tlie  ejects  sooner  than  one  or  two  weeks  after  the  in^ 
^nous  iajection  of  the  salts.  In  frogs  the  symptoms  wer«  those  of  a  de» 
ding  paralysis  of  the  central  nervous  system,  tlio  heart  and  the  peripheral 
es  and  muscles  being  I  it  lie  afferted.  In  caiiramalfl  the  first  symptoms 
nred  only  after  three  to  five  cLiys,  and  consist^l  in  constipation,  rapid 
of  weight,  weakness,  torpor  and  vomiting  ;  marked  abnormalities  in 
ftment  and  sensation  were  ol)servcd  later,  such  aa  tremor,  jerking 
^cnents,  clonic  convulsions,  paresis  of  the  hind  legs,  anffistbesia  of  the 
bb  and  throat,  and  lessened  sensation  all  over  the  body.  Before 
h,    diarrhoea    often   set  in,    and    albuminuria  was  generally  presents 

E—ucoua  membrane  of  the  stomach  and  bowel  was  found  swollen  and 
^,  the  kidney  and    liver  had  often  undergone  fatty  degeneration, 
morrhiiges  were  found  in  the  reual  cortex.     Aluminium  waa  found  in 
Irine. 

ke  the  other  members  of  the  hea\^  metal  series,  alumiruum  therefore 
on  the  bowel  and  kidney  in  general  poisoning,  while  many  of  the  symii* 
\  point  to  a  direct  action  on  the  brain.  Doll  ken  has  recently  confirmed 
I's  result>i,  and  showed  that  the  nerve  cells  and  fibres  of  the  eord  and 
Ulla  undergo  degeneration,  partiLularly  those  of  the  lower  craniat  ner\'ps. 
lias  been  stated  that  the  alum  salts  of  the  food  are  absorbed  and  stored 
le  bon^,  but  this  is  incorrect.  What  little  is  absorbed  is  probably  rap- 
excreted  by  the  Ixjwel  anrl  perhaps  by  the  urine. 

tnetal  which  is  ver>^  nearly  related  to  aluminium  in  its  efTects  in  the 
kiism  is  Beryllium,     It  differs  chiefly  in  being  more  poisonous,  in  being 
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absorbed  Irom  the  momsuch  and  intesUnei  and  in  cauamg  more  <iistlDci  ] 
iu  these  when  it  is  injected  into  the  blood* 


Preparations* 


Alumen  (TJ.  S.  r. 


B.  P.),  alum,  potajssium  aluni^  {AlJKJfiOX  +  i 
large^  colorless,  octahedral  crystals^  with  a  sweetisk,  stixmgjjr  Mt 
tti^t**,  soluble  in  water »  but  not  in  alcohol.     0.3-1  G.  (5—15  gis.). 

Ottfcerinum  Aluminis  (B,  P,),  10  per  cent. 

Alumen  Exaiccatum  (U.  S.  P,),  Alumen  Ustum  (B.  P,),  burnt  alum,  i 
alum  (AI,K^(80J^),  a  white,  granular  powder,  attracting  moistare  on 
posiire  to  air,  soluble  in  water. 

Alumini  Hijdrm  (U.  8.  P.)  (Al5(0H)J,  a  white,  Hgrbt,  amorphotta  powder, 
odorless^  tasteless,  insoluble  in  water  or  alcohol ^  but  soluble  in  hydroehlonc 
or  sulphuric  ftiid^  and  in  fixed  alkalies.     0.3-1  G.  (5-15  grs.). 

AfNmini  Sulphm  (U.  S,  P.)  (Alj(SO^,),  a  white,  crystal) ine  powder,  with* 
sweetish,  astringt^nt  ta:*te,  soluble  in  water,  not  in  alcohol. 

Uses.  —  Alum  is  used  chiefly  externally  for  its  astringent  propertieg. 
It  has  l>een  employed  as  an  emetic,  but  is  Icsa  reliable  than  the  sul- 
phate of  Clipper  or  tartar  emetic,  and  very  large  d<.i«ies  (4—8  G.,  1-2 
drs,)  are  required.  In  diarrhcea  either  alam  or  the  hydrate  is  som^ 
time^  advised. 

Alum  solution  is  useful  as  an  astringent  gargle  (1—5  per  cent.), 
an  injection  in  gonorrhcea  ( J— 1  per  cent.),  as  an  astringent  lotion 
skin  dij^eases  (1  jK'r  ceut.),  and  for  other  similar  purjioiies.  It  i* 
to  tend  to  cause  corneal  perforation  by  dissolving  the  intercellular  sub- 
stance, but  has  been  used  in  ophthalmia  by  many  sui^geons.  Dried 
alum  is  more  cans  tie,  fmm  its  withdrawing  fluid  fn>m  the  tissues.  It 
has  been  used  to  a  limited  extent  as  an  emetic ;  more  frequently  as  an 
application  to  exulxTaut  granulations,  haemorrhoids,  or  condylomata, 
and  as  a  styptic  in  bleeding  from  the  nose  or  teeth.  Alum  has  often 
Keen  prescribed  in  chronic  lead  |>oisoning  with  success,  A  one  p^r 
cent,  solution  ha.^  been  injected  into  the  rectum  in  chronic  dvseDtfixVi 
but  is  inferior  to  the  nitrate  of  silver. 


J 


A  liirge  uuml>er  of  alumini um  preparations  haVe  been  introduced  recSI 
as  uutiswptic  astri  agents.  Among  these  may  be  mentioned  alumnoi  (oapb- 
tol  sulphonate  of  aluminium),  salumin  (salicylate),  tanned  (tannale),  ffollJ 
(gallate),  borai  tborotartrate),  cuiol  (borotiiouate),  aisol  (acetate),  alhuai 
(salicylate  of  potassium  and  alumiDium),  They  are  used  partly  in  f^tutioo^ 
chiefly  as  dusting  powders,  but  it  has  yet  to  be  proved  that  they  are  supe- 
rior to  the  older  prepanitions.  As  with  so  many  of  the  products  of  the  new 
industrial  chemistry,  they  are  thrown  on  the  market  in  such  profusion,  and 
are  heralded  i^ith  such  exaggemt-ed  praise,  that  it  is  impossible  at  present  to 
state  which  of  them  are  really  irapruveraents  on  the  more  generally  recog 
nized  preparations,  and  which  are  merely  adapted  to  enrich  the  inventor, 
w^ilhout  materially  advancing  therapeutics. 
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X.    MINOR  METALS. 
Gold* 

f  Gold  has  never  been  largely  u&ed  in  therapeutics,  although  repeated  at- 
fmpt8  have  been  made  to  introduce  it  in  the  treatment  of  the  most  divers© 
joditious  ;  the  salt  employed  has  almost  invariably  been  the  double  chlor- 
le  of  gold  and  sodium.     It  is  much  less  jK>kouoUB  than  many  of  the  other 

etuis  and  may  be  taken  for  many  mouths  witliont  cntailii^g  any  untoward 
bympComs.  The  subeutaneous  injection  in  fri»gs  in  followed  by  paralysis  of 
fth»  oentral  nervous  system^  gold  posi^essinp  little  action  on  the  heart  and 
'striated  muscles  in  thei^  animals.  Injected  lut ravenously  in  dogs,  it  causes 
vomiting  and  dyspncea,  which  stK>n  pas8  utT,  but  if  siiflicient  has  been  in- 
jected the  animal  suffers  from  nausea,  vomiting  and  diarrha»a  for  several 
dAySf  eatd  nothing,  lo.ses  tlesh  rapidly,  and  dies  a  week  or  more  after  the  ex- 
perimeut.  Numerous  ulcers  arc  found  in  the  stomach  and  intestine,  and 
these  often  betray  their  presence  in  life  by  hiemorrhagcs.  Gold  lowers  the 
blood  pressure  somewhat  on  iutravent*uH  injection,  probably  from  the  dila- 
tion of  the  mesenteric  vessels  aeeompunyin^  the  intestinal  aetion.  It  had 
little  effect  on  the  nite  of  the  heart  except  in  large  doses ^  and  dilates  the 
vessels  when  perftised  through  them.  When  given  by  the  mouth  to  dogs 
and  cats,  it  is  at  once  ejected  from  I  lie  stonuieb  l>y  vomiting. 

Gold  has  therefore  the  ordinary  general  cllVets  of  the  heavy  metals  in 
causing  acute  irritation  and  ulceration  of  the  alimentary  canaK  The  early 
vomiting  may  be  due  to  action  on  the  centre,  hut  is  more  probably  caused 
by  its  irritating  the  stomach.  The  diarrhcEa,  and  the  ulceration  of  the 
stomach  and  intestine  probably  Indieate  that  it  is  excreted  by  the-se  organs, 

Auri  et  Sodii  Chloridum  (U,  B,  P.),  a  mixture  of  equal  parts  by  weight  of 
dry  gold  chloride  (AnCl^)  and  sodium  chloride  (NaCI),  an  oninge-yellow 
powder,  with  a  saline,  metallic  tiu*te,  delit|uescent  in  the  air  and  very  bo1U'>' 
ble  in  water.  0.«>i»5-0.03  G.  (iV!  gi*  )»  i"  solution.  iJohl  has  been  usetl  in 
vmrious  nervous  dij^irders^  in  imrticnhir  in  those  of  a  hysterical  nature,  and 
may  conceivably  be  of  value  through  suggestion,  if  the  patient  be  informtHl 
of  the  nature  of  the  remedy.  It  hiis  als*>  been  advised  in  eyphilis,  rheuma- 
tism, and  other  chronic  disenases.  Of  late  years  it  has  been  widely  ailvcr* 
tised  as  a  specific  in  clironie  alcoholism,  but  analysis  has  shown  that  no  gold 
was  contained  in  the  tluid  advoeat^d^  and  there  is  no  reason  to  sup[H>8e  that 
it  is  uf  value  except  by  means  of  suggestion.  Kantnack  and  Calmette  have 
recommended  its  hypodermic  injcctiuii  in  aises  of  snake  bite. 
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Flatinuin. 

^  Platinum  reeembles  gold  in  its  action  very  closely,  but  is  much  more  poi* 
•onous*  In  the  frog  it  paralyaw^s  the  central  nerv^ous  f^ystem,  and  later  the 
striated  miL^les.  Kebler  observed  a  stage  of  convulsions  precede  that  of 
paralysis,  the  s|)asm«  evidently  arising  from  the  spinal  cord  or  medulla 
oblongata.  In  mammals  the  »ynipti>mH  resemble  those  of  gold  poiflaning  in 
iJsnoat  every  detail.  Bmall  quuntitit^'s  of  phtlinum  double  8idts  Iv^jectcd  in- 
tnivenously'lncrease  the  urine  to  some  extent  ;  larger  injections  cause  albu- 
minuria* 

Platinum  waa  at  one  time  advised  in  syphilis,  but  has  never  been  widely 
used* 


KthUr,     Arch,  f,  exp*  Path 
CbJbMtetm     Arch*  f.  «xp*  Path 


Bibliography. 

n.  Phnrm.f  ix.»  p^  1S7, 


u*  l'huno«t  XXX4,  p.  127. 


704 


THE  HEAVY  METAIJS. 


Chromiiun. 

Cbromium  is  used  in  medic! ue  in  the  form  of  chromic  acid  and  Uie  hichio- 
mate  of  potassium,  which  are  Ixith  powerful  oxidizing  bodies  in  addition  lo 
their  poisonous  action  as  metallic  oxides.     The  former   prop€?rty  remieis 
tliem  more  irritant  and  corrosive  than  most  of  the  salts  of  the  heavy  metal*. 
Chromic  acid  in  particuhir  is  a  powerlul  caustic,  combining  the  actioRofi 
metallic  oxide,  an  acid,  and  a  .strongly  oxidizing  agent.     Applied  tolhe^kiD 
in  substance  it  rormdes  it,  but  is  said  to  cause  less  pain  than  the  more  [him*- 
trating  caustic  potash.     Even  in  dilute  solution   the  chromic  wd  I  sand  tlie 
acid  act  as  skin  irritants^  and  the  caustic  eflccts  are  show  n  by  i-kin  digea^c*. 
and  particularly  by  deep  perforating  ulcci-s  in  persons  exposed  conj^taDlly  to 
the  dust  of  chromic  salts  in  factories.     These  ulcers  arise  from  any  abmsioii 
of  .the  skin,  while  the  acid  dcK?s  not  seem  to  be  capable  of  penetrnting  lW 
unbroken  epidermis.     The  cartilaginous  septum  of  the  nose  is  also  a  cc>nii«on 
seat  of  ulceration,  which  eventually  leads  to  perforation.      These  ulcers  arifc 
from  the  local  action  of  the  jjoisun  and  not  from  its  abssorption  ;  they  are  idd 
to  Ix"  almost  painless.     The  inlmhititin  <»f  the  dust  leads  to  chronic  bronchitifl^ 
w^bile  that  swallowed  and  absorbed  may  give  ri.se  to  nephritis. 

Symptoms.^In  acute  poisoning,  when  a  large  quantity  of  the  acid  or  ofi 
salt  is  swallowed,  the  symptoms  are  those  of  gastro-intestinal  oorroeion,  in- 
tense pain  in  tlie  throat  and  stomach,  vomiting  and  purging,  with  blood  in  tbf 
vomited  matter  and  the  stools,  collapse  and  frequently  death.  The  mouth 
and  throat  are  sUiined  yellow^,  and  the  stomach  and  intestine  exhibit  the 
usual  appearance  of  violent  corrosive  poisoning. 

The  genera!  action  of  chromic  preparations  may  be  elicited  in  animals  by 
subcutaneous  or  intravenotis  injection,  or  by  the  administration  of  smaller 
quantities  by  the  mouth.  The  symptoms  resemble  those  caused  by  the  gen- 
eral action  of  other  metals.  In  the  frng  increasing  weakness,  tremor  and 
eventually  paralysis  i>f  the  central  nervous  system  are  induced.  Id  the 
mammal  w^eaknes.s  and  slowness  in  the  movements  is  followed  by  albmni* 
nuria  and  later  by  diarrhoea  and  vomiting.  Bometimes  twitching  of  the 
muscles  or  even  convulsions  are  seen,  and  then  the  weakness  passes  into 
general  paralysis.  The  heart  seems  little  a  fleeted  by  chromium,  but  the 
blood -pressure  falls.  Afler  death  the  stomach  and  bowel  are  found  con- 
gestetl,  and  the  mucous  membrane  is  necrosed  and  ulcerated  in  some  parts^ 
covered  with  ocehymoses  in  others.  Haemorrhages  are  also  found  in  oth^ 
organs  of  the  body,  notably  in  the  heart  walL  The  kidney  is  in  a  stAte 
acute  parenchymatous  nei^hritis  and  often  contains  deposits  of  uric  ttcid^ 
albumin,  casts*,  arid  often  blood  cells  appear  in  the  urine.  In  chronic  fx>iiM)il' 
ing  interstitial  nciihritis  is  said  to  occur. 

Chromic  acid  anrl  its  salts  are  readily  absorbed  from  the  stomach  and  in* 
testine.  They  seem  to  be  excreted  for  the  most  part  through  the  kidnej,  to 
a  le^ss  extent  by  the  intestinal  epithelium  probably.  In  the  urine  the  metal 
occurs  in  part  in  organic  combinations. 

Chromic  oxide  compounds  act  in  the  same  way  as  the  chromates,  but  are 
much  less  poisonous. 

Preparations. 

Addum  Cftromicum  (U.  8.  P.,  B.  P.),  chromic  acid  or  anydride  (CtO»),  f< 
crystals  of  dark  jnirplish-red  color  and  metallic  lustre,  odorless,  very  sold 
ill  water.     When  brought  in  contact  with  organic  substances,  such  as 
1k>1,  glycerin  or  sugar,  it  oxidizes  them  rapidly  and  often  violently  with  cat* 
plofMon. 

l&qmor  Aoidi  ChromM  (B.  P.),  25  per  cent. 

I\>fn^ii  Bichrom€t»(\J,  S.  P.,  B.  P.),  bichromate  or  dichromate  of  potiiJ-sium 
(K,l^r,0^>,  f<inns  large,  orange-red  transparent  crj^stals,  with  a  bitter  metal* 
lie  tn*te»  soluble  in  ten  parts  of  water.     6-12  mgs?  (t\ri  g^  )* 

tMmvmIc  acid   is  used  as  a  caustic  application  to  malignant  growths, 
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chancres  and  cHphtheritir  membranet;,  U>  a  le^  extent  as  an  irritant  auti^ep- 
tic.  It  haa  generally  been  apptWd  by  dipping  a  glass  rod  into  a  solution 
formed  by  allowing  the  crystals  to  delirjui'sce,  or  it  may  be  fused  on  the  end 
of  a  wire.  It  has  also  been  advised  in  5  per  cent,  &ohition  as  an  application 
to  prevent  perspiration  of  the  feet  and  to  harden  the  skin. 

The  bichromate  has  been  reeum mended  recently  in  certain  forms  of  dys- 
pepsia in  doBes  of  5  mgs.  (^  gr.). 

BlBLJOGRAPHy. 

PHaiUy^     Jour,  of  Anat.  and  Phvs.,  xi,,  p,  2S5. 
QvgenM,     Arch,  f.  exp,  Pnlh.  ii.  Plmrm.,  vi.,  p,  148, 
"*     '         Kobert'd  Aro.  a.  d.  pharni,  Instit.  zu  Dorpftt,  ii.,  p.  1, 
I.     Munch,  raed.  Wocben>«hr..  11*01,  i.,  p,  5m 


Manganese. 

Tracesi  of  manganese  are  found  in  the  blood  and  tissues  of  man  and  ani- 
mak  v«ry  frequentlyi  but  this  metal  is  not  an  essential  constituent  of  the 
body,  but  is  apparently  al>sorbed  accidentally  with  the  food.  The  saka  of 
manganese  in  large  qua u titles  CAU^^e  acute  irritation  of  the  stomas* h  and  in- 
tcstine,  like  those  of  the  other  heavy  metals^  but  no  symptoms  pointing  to 
eflbct^  from  the  absorption  of  the  metal  are  obst^rved  even  when  the  adminis- 
tration is  continued  for  a  longtime.^  Manganei^e  is  absorbed  from  the  ali- 
meotary  tract,  however,  but  only  in  verj'  small  quantity,  and  itapfK>ars  to 
Ntemble  Iron  closely  in  its  course  throttgh  the  tissues  (see  page  664).  Ita 
general  action  has  been  eliciteii  by  the  hypodennic  or  intra  venous  ii^Gctioa 
of  double  salta.  In  frogs  manganese  injected  h^^odermically  causes  a  de- 
scending paralysis  of  the  brain  and  spinal  cord,  and  later  weakens  and 
arretU  the  hearty  while  the  peripheral  museles  and  nerves  seem  unaJlected, 
In  mammals  large  injeclions  indtiee  einleptiform  convubiotis,  particularly  in 
the  rabbit  and  guinea  pig.  Smaller  t[utuntities,  w  hieh  cause  a  less  acute  intoxi* 
cation,  induce  in  the  dog,  nausea  and  vtimiting,  diarrhoea,  weaknesa,  som- 
nolenoOf  stupor  aud  death  from  arrest  of  the  respiration.  The  urine  is  oflt-n 
increased^  and  contains  bile  pigment,  and,  towar^ls  death,  alhimiin  and 
eula.  The  stomiu'h  and  lH>wel  present  no  congestion  or  ulceration  in  these 
cases.  Manganese  is  fonnd  in  the  vomited  matter  and  the  st^^jols,  in  the 
liver,  kidney  and  intestinal  wall,  to  a  less  extent  in  the  other  organs.  In 
acutei  poisoning  in  mammals  the  bhM»d-pressnre  falls,  from  depression  and 
paralysis  of  the  vas*>-mtJtor  centre,  while  the  heart  is  affected  only  much 
later.  In  subacute  ijoiscming  the  darker  color  nf  the  urine  indicates  icterus, 
hut  this  is  much  more  marked  when  small  tjuantities  are  n*peate<lly  inject4^d 
into  the  sulx^utaneous  tissues,  and  chronic  poisoning  induce*!.  In  chronic 
cases  the  nephritis,  which  is  shown  in  acute  poisoning  by  albiiminuriu,  is 
also  more  developed,  the  inflammation  commencing  in  the  secretory  cells  of 
the  kidney  but  later  involving  the  interstitial  tissue,  if  the  animal  lives  long 
enongh. 

Man^ane^e  injected  hypodermicjilly  or  subcutatieously,  is  excreted  chiefly 
by  ihc  intestinal  epithelium,  to  a  less  extent  by  the  kidney. 

Preparation'^. 

Mangani  Dioridum  (U,  S.  P.),  Black  Oxide  of  Manganese^  The  pharma- 
oopceial  prt*[jiiration  is  the  crude  impure  mineral  and  nc^ed  contain  only  66 
per  cent,  of  the  pure  dioxide  (JlnO,), 

Mamffani  Sulphm  (IT,  8.  l\)  (MnBO^  4-  4H,0),  colorless,  or  pale  roeenxilored 
orjilals  with  a  somewhat  bitter,  astringent  taste,  soluble  in  water,  not  in 
§Mhol     OJ-0,5  G.  (2^  grs). 

*  Symptoms  sacribeil  t^i  elironio  iioinoQing  hav«  tvocnily  been  dsMflbeil  by  Embd«o 

ssoeeufrmg  in  workmsn  in  i 
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but  the  salts  of  telluric,  seleuious  and  selemo  acid  induce  Bymptoins 
Ibling  those  of  the  heavy  metuls  aud  arsenic  in  many  poiets,  and  may 
&rted  in  thiii  series.  In  ttie  Irog  the  symptoms  are  those  of  central 
>ad  paralysis,  and  later  of  heart  failure.  In  mammals  vomiting,  purg* 
'  sotnuolence,  dyspuij&a,  tonic  and  clonic  convulsioni*  liavo  been  uoted^ 
the  stomach  is  found  somewhat  reddened,  the  mucous  membran^j  of  the 
destine  swollen  and  dysenteric,  while  the  kidneys  seem  less  atlect4?d*  The 
rspiration  is  prevent-ed  by  tellurates,  apparently  from  a  paralysis  of  the 
ioatioas  of  the  secretory  nerves  similar  to  that  induced  by  atropine. 
rly  symptom  of  poisoning  with  these  bodies  is  a  garlic  oijor  in  the 
,  and  many  of  the  organs  are  found  of  a  grayish  color  after  deatb,  and 
this  odor.  HofmcHt<^r  has  sbown  that  these  salts  are  reduced  to 
rllic  selenium  and  tellurium  in  the  body^  and  that  afterwards  methyl 
»mpoand3  (Tc(CH^)j,  Se(CHa)^)  are  formed.  These  are  volatile,  and,  ex- 
eled  by  the  lungs^  urine  and  fiBces,  give  the  disagi'eeable  odor.  The  syn- 
lesis  of  methyl-tellurium  is  one  of  the  few  known  cases  in  which  a  com- 
miid  with  methyl  is  formed  in  the  ai^imal  body,  and  is  of  great  biologica^l 
iportance.  All  the  selenium  and  tellnrium  is  not  excreted  in  this  form,  for 
iMe  of  it  appears  in  the  tiriue,  and  probably  in  the  faices,  in  other  combina- 
cms. 

Tellurates  have  been  advised  in  therapeutics  to  prevent  excessive  sweat- 
i|f,  and  certainly  have  this  eifect,  but  are  not  to  be  recommended,  as  the 
jrong  garlic  odor  of  the  breath  pcrsiists  for  days  or  even  weeks  after  on© 
c»6e. 

Osmic  Acid  has  been  recommenrled  as  an  injection  into  the  nerves  in 
enralgia.  It  is  an  intensely  irritant  suhstanee,  and  seems  to  induce  ne- 
hritis  and  diarrhcBa  when  absorbed.  The  greater  part  of  the  poison  is,  how- 
ver,  deposited  as  a  black  powder  at  the  point  of  injection,  owing  to  its 
ng  reduced  by  the  tissues. 
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PART  V. 

Ferments,  secketions  and  toxalbumins. 


1    BIGESTIVE  FIEMENTS. 

A  KtJMBER  of  digestive  ferments  have  been  introduced  into  thera- 
^tics  for  the  treatment  of  gastric,  and   intestinal  disorders.     The 
^lier  members  of  the  series  were  proteolytic  ferments,  intended  to 
^^^^tjforce  the  pepsin  of  the  stomaeh^  l>ut  of  recent  years  the  amylolytio 
^**Tneota  have  also  been  strongly  advocated* 

^  Pepsin. 

,^  The  pharmacopoeial  preparations  of  pepsin  are  generally  obtained 
T^^m  the  pig's  stomach.  Their  origin  is  not  a  matter  of  indifference, 
^^r  it  has  been  recently  shown  tliat  pepsins  obtained  from  different 
^^>ecie3  of  animals  differ  considerably  in  their  behavior  towards  vari- 
ous acids*  Pepsin  digests  only  in  acid  solntion,  tiie  best  resnlts  being 
Obtained  in  a  solution  of  0.2  per  cent  of  hydrochloric  acid,  (See  Acids, 
^(kage  561.)  In  alkaline  solution  it  is  inert,  and  in  fact  is  rapidly  de- 
composed, so  that  when  pepsin  and  alkaline  carbonates  or  bicarbonates 
^re  prescribed  together,  the  effects  are  due  to  the  alkalies  only, 

Pepsin  is  used  in  therapeutic  on  the  theory  that  the  stomach  does 
not  secrete  enough  of  the  ferment  in  certain  conditions*     But  it  may 
be  qaestioned  whether  this  is  true  in  even  a  small   pmportion  of  the 
oases  treated  with  pepsin,  for  the  gastric  juice  is  almost  always  capable 
of  digesting  proteids  if  it  is  acid  in  reaction.     In  a  number  of  forms 
of  dyspepsia  the  acid  secretion  is  insuflSeient,  but  the  ferment  is  almost 
always  present  in  quantity^  for  it  digests  pmteids  outside  the  body  as 
800Q  as  it  is  acidulated*     Pepsin  is  indicated  then,  only   in   the   rare 
cases  in   which  the  contents  of  the  stomach  acidulated   with  hydro- 
chloric acid  fail  to  digest  pTOteids.     It  is  very  often  administered  in 
other  forms  of  dyspep?^ia,  and  certainly  does  no  harm,  but  there  is  no 
question  that  it  is  entirely  unnecessar}^  in  the  great  majority  of  the 
cases  in  which  it  is  prescribed. 

■  Peeparations. 

F^imnum  (IT.  S,  P.,  B.  P,),  a  proteolytic  femaent  obtained  from  the  glan- 
dular layer  of  frejsh  Btomacbs  frum  healthy  pigs»  and  capable  of  digestiog 
not  leas  than  3^000  times  its  own  weight  of  freshly  coagulated  egg  alhn- 
min*'     It  is  a  fine^  white,  amorphous  jwwder  or  thin  scaleSj   free  from 

*The  R  P»  preparation  may  be  obtained  from  ihe  pig»  sheep  or  calf  and  is  required 
to  dlg&SL  2,500  thne^  its  weight  of  hiird'boile<l  white  of  egg. 
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offensive  odor  and  having  a  mildly  acid  or  !%a1ine  tast€,  usaally  followed  bf^ 
a  suggestion  of  bitterness.     It  is  soluble  in  about  1<X>  parts  of  wator,  butL 
more  soluble  if  the  water  is  acidulated,     0,3-0.6  G,  (5-10  grs.),  ia  powder, 
or  io  solution  in  0.2  per  cent,  hydrochloric  acid. 

Pepsin  is  generally  given  during  or  after  meals.  As  has  been  stated, it !• 
very  rarely  indicated,  as  the  gastric  juice  almost  always  contains  soJiaeal 
for  the  ferment. 

Otycerinum  Pep^ni  (B.  P,)  contains  hydrochloric  acid.  A  fluid  drachm 
represents  5  grs,  of  pepsin.     1-2  fl.  dre. 

PepHnum  Saccharatum  (U.  S.  P.)  is  formed  from  pepsin  by  adi^ng  niM 
parts  of  sugar  of  milk. 

Many  other  preparations  of  j>eps!n  are  used  in  jjopular  medicine,  to  » I 
extent  by  the  profession.     Pepsin  wines^  for  example,  are  often  taken  i 
loDics  and  digestiveSi  but  the  wine  is  probably  of  greater  efficacy  than  f 
ferment.     In  these  pepsin  wines  the  ferment  is  not  destroyed,  however,  atl 
sometimes  stated,  for  pepsin  is  able  to  digest  proteids  in  much  stronger  Alco- 
holic solutions  than  they  represent. 

Pancreatic  Ferments. 

The  pancreatic  ferments  have  also  been  introduced  into  therapenric^ 
generally  in  the  form  of  an  extract  of  the  g\aml,  pmicreat in.  These 
ferments  differ  from  pepsin  in  acting  only  in  alkaline  or  neutral  &olii- 
tion,  and  tesides  digesting  proteids,  form  sugar  from  starch  and  sa* 
ponify  and  emulsify  fats*  The  pancreatic  ferments  are  rendered  iuCTt 
by  a  comparatively  short  ex|Kisure  to  the  acid  gastric  juice. 

The  value  of  paocrcatin  is  even  more  problematical  than  that  of 
pt'psin,  for  though  it  would  no  doubt  l)e  valuable  wliere  the  digestive 
fermentSj  particularly  those  of  tlie  pancreas,  were  deficient^  tbis  has 
not  been  shown  to  occur.     On  the  other  hand,  the  pancreatic  fertnenL^ 
are  certainly  destroyed  in  passing  through  the  stomach.     It  has  been 
Slices teil,  however,  that  they  may  act  in  the  stomach,  if  they  are 
given  before  or  with  the  fixid,  as  the  acid  gastric  juice  is  only  secrel^d 
slowly  J  and  ftome  time  must  elapse  before  the  pancreatin  is  reudewl 
inert.     In  cases  in  which  there  is  a  deficiency  in  the  acid  of  the  ga^ 
trie  juicCj  the  pancreatin  might  conceivably  act  througliont  the  s^tay  of 
the  food  in  the  stomach.     Attempts  have  been  made  to  preserve  tk 
pancreatin  from  the  deleterious  effects  of  the  gastric  juice  by  admifli*'] 
tering  it  in  capsules  which  ai'c  dissoh^ed  only  in  the  intestine.    It  ■•[ 
certainly  possible  that  the  panereatio  may  be  useful  in  certaia  ca?«8»l 
wliere  the  ferments  of  the  pancreas  are  absent  and  the  acid  of  itoj 
stomach  so  deficient  as  not  to  be  destructive,  but  there  is  no  reason  to 
suppose  that  this  series  of  aocadente  occurs  at  al!  frequently,  and  it  iij 
imix>ssible  to  diagnose  inefficiency  of  the  pancreatic  secretion* 

Preparations. 

Pancreatimtm  (U.  S.  P.),  a  mixture  of  the  enzymes  naturally  eacisting  i 
thepaucreas  of  warm-blooded  uniinals^  usual ly  obtained  from  the  fr^h  p***i 
creas  of  the  pig.     It  form 9  a  yellowish,  yellowish- white,  or  grayisih,  aff**'*' 
phouii  powder,  having  a  fuint,  not  dissagreeahle  odor  and  a  meat- 1  ike  til*^ 
and  is  Blowly  s< liable  in  water.     OJ-fl.S  G.  (2-5  grs*),  in  powder  or  ia<#' 
sules.     Keratin  capsules  have  been  proposed  in  order  to  protect  the  pifitf*" 
atiu  from  the  gastric  juice. 


Liquor  PaficreQiia  (B.  PO^  ^  tlqiiid  preparation  coiitainliij^  the  digestive 
pnuciples  of  the  fresh  pancreas  of  the  pig.  The  prepanitiou  m  mo«t  m*tive 
whea  the  ainmal  from  which  it  has  been  obtained  has*  been  fed  shortly  be- 
fore beiag  killed.  Two  cubic  centimetres  of  the  solution  ought  to  digeist 
80  c.c.  of  milk. 

Beuger^s  Liquor  Paucreatieua  ia  a  solution  of  the  pancreatic  fermentB 
made  up  with  some  alcohol. 

In  oonuection  with  the  diget^tive  fermeutni  may  be  mentioned  ingtitvin^  an 
extract  of  the  fowPs  gizzard^  whieh  was  a  few  years   ago   highly  recom- 
mended as  a  remedy  in  the  sickness  of  pregnancy ^  but  has  proved  entirely 
»yialuele8B. 
Vegetable  Ferments. 

Besides  the.se  animal  digestive  ferments^  a  number  of  vegetable  proteolytic 
enzymes  are  known,  and  have  enjoyed  a  more  or  le*w  shortlived  popularity, 
Prabaoly  many  more  plant  juietv^  are  able  to  digest  proteid^*  than  are  at 
present  generally  recognized ;  thus  many  of  the  bacteria  liquefy  gelatin  and 
albumin,  and  the  in<$ectivorous  plants  »ueh  as  Drosera  (sundew)  and  Dionea 
secrete  a  digestive  liuid.  Ftgi*,  pine  applet  {hromeHnl^  the  seiirlet  pimpernal 
(Ajuigalliaarvensi;*),  and  many  others  of  the  higher  plants  have  been  shown 
io  po4«e^  these  ferments,  but  the  best  known  of  thi^se  ia  the  Carlea  papaya^ 
orpftwpaw^  which  conlaiii:^  a  digestive  ferment  known  a.s  jtHipam,  }mpattf)tin 
mr  papoid.     This  ferment  a** Us  in   neutral,  moderately  acid »  or  alkaline  8olu- 

Q  at  the  temperature  of  the  body  and  in  the  cold.  When  awullowtKl  it 
no  eflect  exeejit  itj§  digestive  actiim,  but  injected  into  the  blood,  it  is 

id  to  paralyze  tht'  iieart  antl  central  nerv^ous  system,  and  to  cause  hiamor'^ 

ages  into  the  intestine  ;  it  is  very  irritant  tu  the  BubcutaneouB  tifisueSi 
sing  pain  and  high  fever.     It  hatj  been  used  instead  of  {lancreatin  and 

psin  in  disorders  of  the  digestion,  and  also  jus  an  anlhelmintie.  Iliphtho- 
ritic  membranes  have  been  treated  by  the  fretiueut  application  of  papam 
solution  (once  an  hour  by  some  of  its  advocates,  more  fretiuently  by  ot hern), 
and  apparently  with  ^^uccena  as  far  as  the  reruovul  of  the  membrane  was 
ooncemed ;  the  underlying  disease  was  not  favorably  influence<l|  however, 
and  the  treatment  has  been  abandoned.  Papain  .solution  has  also  been  in- 
jected by  the  byi>t>dt*rmic  needle  into  tuin«>nsand  al>sce.Hse8^  with  the  intention 
of  digesting  the  new  growtb,  or  aceeleruling  the  progrt^ss  of  the  ali«ceA4 
towards  the  surface,  but  the  results  obtained  do  not  ent*ourage  the  further 
use  of  the  remedy  in  this  way.  Peptones  are  unquestionably  formed  in  the 
ttunors  when  papain  is  inject**d. 

Several  milk -curd  ling  ferments  have  beea  found  in  plants,  biLt  none  of 
tliem  have  been  used  in  therapeutics. 

C  Several  aniylolytic  or  sugar-forming  ferment-^  have  been  used  more 
r  leas  in  therapeutics,  the  fir?^t  of  these  l>cing  the  fiitt^tnMr  or  cjizifmeaf 
iott^  wbicli  h  kuowo  umler  the  names  of  malt  extract,  lUEltzyme, 
nnaltine,  etc.  When  gmin  is  allowed  to  germinate,  its  fitan*li  i&  formed 
into  a  m>luble  form  (sugar)  by  means  of  a  ferment  known  uh  diadta^i 
and  it  wit^  supposed  that  this  iliitstitse  might  aid  the  digestion  of  stardiy 
fcK)d8  in  the  btxly.  Wljcn  malt  extract  is  farmed  at  a  h>w  tcmjK'rature, 
it  unqueHtionahly  (xrntaiiis  diastase  and  is  capable  of  digesting  starch, 
but  nianv  of  the  extracts  on  the  market  are  quite  inert,  the  ferment 
having  br'cn  destroyed  by  heat.  Thoee  extracts  are  therefore  devoid 
of  digestive  [K)Wer,  but  farm  a  pleasant,  easily  digested  fcwKl.  They 
often  ooniain  alcohol^  and  are  then  iiidistinguishuhle  from  l>eeror  stout. 
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Thyroid  Gland. 

[The  treatment  of  certain  diseases  by  the  administration  of  thyroid 
dd  and  its  extracts  is  one  of  the  raost  satisfactory  examples  of  ra- 
tional  therapeutic  progress^  ami  the  steps  which  kd  to  its  adoption  may 

Prelbre  be  briefly  mentioned.  In  1882-3,  Ivoeher  and  Kcverdin 
t>lished  observations  raatle  on  patients  whose  thyroids  had  been  totally 
irpated,  and  who  had  subsequently  presented  a  series  of  symptoms 
which  these  observers  gave  the  name  of  cachexia  thy reopriya.  They 
pointed  out  that  this  eonilition  resembleiFuimany  or  its  features 
myxoedema,  a  disease  discovered  by  Gnll  some  years  before  and  asso- 
rted with  atrophy  of  tlie  thyroid  gland.  These  observations  were 
^p firmed  by  a  number  of  authors,  who  removed  the  thyroids  from 
Himals,  and  fotnid  a  cachexia  appear  in  tliem.  The  next  advance 
Bs  the  discovery  that  these  symptoms  in  anioials  eouKl  be  removed, 
or  at  any  rate  ameliorated,  by  grafting  pieces  of  thyroid  in  the  peritoneal 
cavity  or  sulKHitaneous  tissue,  IJorsley  suggested  that  myxcedema 
ahould  be  treated  in  the  same  way,  ami  Murray  soon  afterwards  intro- 
ducetl  the  treatment  of  this  disease  by  the  sulx'Utaneous  injection  of 
thyroid  juice.  Even  in  his  first  CiLse,  the  i-esuUs  were  eminently  satis- 
factory, but  it  was  soon  found  that  the  same  results  could  be  obtained 
by  administration  by  the  stomach,  and  a  large  number  of  crises  have 
naw  been  recorded  in  which  very  favorable  results,  or  even  the  complete 
disappearance  of  tlie  symptoms  has  followed  this  medication.  These 
inelude  not  only  myxtiedematous  patients,  but  also  cases  in  which  the 
thyroid  was  removed  by  surgical  operation,  or  where  its  disease  gave 
rise  to  symptoms.  That  the  favonible  results  are  due  to  t!ie  treat- 
ment IS  proved  conclusively  by  the  return  of  the  symptoms  when  it  is 
abandoned. 

_^  The  effect  of  the  thyr<ud  extract  could  be  explained  only  by  the 
Hesence  of  some  unknown  princijjle,  f<>r  the  preparation  of  course  con- 
mined  no  living  cells.  In  the  last  few  years,  numerous  researches 
have  been  carried  out  with  the  object  of  isolating  this  princi]>le.^  It 
is  found  in  the  colloid  contents  of  the  ghind  follicles  in  the  form  of 
a  globulin,  ihyrmglobidln^  which  may  be  extracted  from  the  colloid 
aod  gives  the  ordinary  pmteitl  reactions,  hut  is  characterized  by  con- 
taining about  1.5  per  cent,  c»f  iodine;  Baumann^s  detection  of  this  cle- 
ment in  the  thyroid  glan<l  was  the  first  intimation  that  it  existed  in  the 
tissues  of  the  higlier  animals  and  man.  Tfiyreoglobulin  is  not  com- 
pletely saturated  with  iodine,  for  it  forms  a  higher  combination  with  it 
in  the  test-tnlw,  but  then  loses  its  specific  action  on  tfie  animal  organ- 
ism. When  it  is  subjected  to  artificial  digestion,  it  forms  albumoses 
and  an  insoluble  non-protei<l  substance  known  as  Jodtdht/ rm ,"^  w h i ch 
contains  practic^ally  all  the  iodine  of  the  gland.  A^imilar" result  is 
obtained  by  acting  on  thyroid  gland,  colloid,  or  thyreoglobulin  with 

*  No  aUctnpt  is  made  to  follow  the  chronoloi^ical  onler  of  theise  researches, 
'lodothjrin  was  at  first  named  3fAyroiorfiVi,  tut  this  wjia  hable  to  be  coufusGd  with 
jrreoitJitij  a  term  u^^  to  iirdii'ate  the  simple  eximct  of  the  gland. 
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acids.     lodothyriii  is  readily  dissolved  in  dilute  alkallQc  eo 

may  be  reprecipitated  \>y  acids.     It  contains  more  iodine  tk 
globulin  of  course,  l>ut  the  exact  |>ercentage  is  still  a  digj^ 
for  while  Baomann  originally  stated  that  it  contained  ah 
cent.,  otherii  liave  found  it  as  low  as  four  per  cent.,  and  €>8 
sis  gives  no  less  than  fuurtccu  j>cr  cent,  for  iodotliyriu  obc 
action  of  acids,  and  about  five  |>er  cent,  for  that  formed    ^ 
Much  remains  to  l>c  done,  therefore,  before  the  eomposL^ 
thyrin  can  l)e  deiinitely  settletl,  l>ut  it  is  certain  that  it  i 
and  that  it  is  ricli  in  iodine  and  nitrogen,  while  sulphur 
emiiUer  amount,  and  phosphorus  is  not  contained  in  the 

The  amount  of  iodothyrin  in  the  gland  varies  a  good 
ent  animals,  and  in  different  indi%'iduals  of  the  same  spe 
firet  supposed  that  in  the  goitre  districts  the  percentage 
in  the  ghiml   was  lower  than   in   liealtliy  areas,  and  th 
goitre  the  percentage  was  smaller  than  in  normal  indiv 
seems  to  be  incorrect,  no  relation  existing  apparentL 
amount  of  iodine  in  the  thyroid  and  the  presence  of  « 
As  a  general  rule  it  is  found  that  the  icHbne  and 
glands  vary  directly  with  tlie  amoimt  of  conoid  materi 
less  iodine  is  found  in  the  gland  than  in  adults,  and  r%^ 
it  lessens  again.     Meat  diet  diminishes  the   amount     ^ 
because  it  makes  greater  demands  on  the  supply,  or  !>'* 
iodine  is  ingested  in  the  food.      Veget;ible  ibt jds,  esix'  ^ 
taining  much  iodine,  such  as  beetroot  and  probably  t 
increase  the  iodine  of  the  thyroid  gland.     Iixline  gi 

also  augments  it,  and  not  only  iodine  itself,  but  varitK    

such  as  iodoform   and   iodides.     It   is   not    yet  dete^s^^= 
actually  more  iodothyrin  is  formed  under  these  condit-    - 
that  already  present  contains  more  iodine. 

A  number  of  other  constituents  have  been  isolated       i^ 
gland  in  a  e<>ndition  of  greater  or  less  purity,  some 
and  others   crystidline  non-pmt<*id  bodies  ;  but  none 
the  specific  action  of  tlie  gland  extract  and  in  fact  no 
licen  shown  to  induce  any  effect  at  all  except  those 
syp|M>sed  contained   iodotliyriu.     On   the  other  han^ 
and  iodothyrin  induce  tlie  same  effects  as  the  cxtniet- 
dema  and  goitre  in  man  and  in  excision  of  the  thyroid 
has  been  disputed  until  recently  owing  to  a  misapprt^^ 
fects  of  tliyroidectomy  in  animals,  which  was  suppose' 
fatal  unless  thyroid  extract  was  administered.     As 
dogs  (on  which  these  experiments  have  been  perforirm* 
react  in    three  different  ways  to  excision  of  llie  ti^ 
quent  thyroid  fi^eding.     In  a  small  number  tlie  op^^ 
lowed  by  any  serious  symptoms  an^l  thi*  animal  ix^co^^^ 
at  any  rate  survives  for  many  m<mths.     In  the  great 
ectomy  is  followed  by  tremors,  convulsions,  pamlysm: 
course  of  a  few  weeks,  but  some  of  these  can  be  k^ 


spasms  by  feediog  them  thyroid  extract  or  ioJotliyriii,  A  third 
PR  is  formed  of  those  aninuds  whieh  suffer  from  spasms  and  even- 
|ly  succumb  to  tbem  even  wlieii  supplied  with  abundant  thyroid  ex- 
pt.  The  exact  proportion  of  these  three  ehisses,  those  which  live 
bout  extract,  those  which  are  saved  by  it,  and  those  \^ich  perish 
Bpite  of  it,  appears  to  vary  at  the  bauds  of  different  investigators 
I  perhaps  in  different  regions,  and  this  has  given  rise  to  erroneous 
ITS  as  to  the  vakie  of  the  different  preparations.  But  the  balance  of 
ienoe  is  in  favor  of  the  view  that  iodothyrin  represents  the  whole 
rapeutic  virtues  of  thyroid  extract,  although  it  is  possible  that  the 
nd  may  have  other  functions  than  its  secretion*  Iodothyrin  and 
froid  extracts  are  thus  used  to  replace  the  secretion  of  the  thy  mid 
pd,  when  it  is  deficient  from  any  cause.  The  function  of  the  thy- 
il  gland  is  still  very  obscure,  however,  although  it  is  now  certain 
tt  it  is  of  great  im[Kirtance  in  the  metalwlisni,  as  is  clearly  shown  by 
i  disastrous  results  of  its  removal  or  atrophy.  The  results  of  the 
pction  of  the  thyroid  extract  have  also  thrown  much  light  on  the 
prkiug  of  thi.s  mysterious  organ. 

Action, — The  thyroid  extracts  and  iixlQthyriii  seem  to  be  devoid  of 
)ct  in  many  normal  animals  and  patients,  unless  w^hen  given  in  enor- 
OS  quantities*  In  others  they  e4iuse  some  nupleasant  symptoms^ 
|ch  occur  more  especially  in  myxa^lema  and  goitre.  These  symp- 
Is  are  partly  subjective  and  indefinite,  such  as  headache,  wandering 
ps,  or  general  weakness,  wdiile  others  are  evidently  due  to  cireula* 
y  changes,  and  consist  of  a  feeling  of  fullness  and  congestion  of  the 
id,  j»aipitation  of  the  heart,  and  acceleration,  sometimes  weakness, 
the  pulse*  Tremors  in  the  arms  and  legs  point  to  changes  in  the 
Itral  nervous  system,  while  loss  of  appetite  and  diarrhcea  indicate 
a  the  alimentiiry  ctinal  is  not  exempt  frotu  its  influence,  Ferspira- 
El  is  often  complained  of,  especially  in  myx^iedema,  and  a  rise  of 
uperature  also  occurs  not  infrequently, 

%n  normal  animals  iodothyrin  injected  intravenously  in  large  quan- 
les  generally  accelerates  the  heart  and  lowers  the  blood-pressure 
pie  what,  and  even  when  given  by  the  mouth  repeatedly  for  several 
fEj  it  causes  some  acceferation.  Tins  acceleration  of  the  heart  has 
m  attributed  by  some  in  vest  igtx  tors  to  stimulation  of  the  accelerator 
Itre,  by  others  to  direct  action  on  the  heart ;  ^  it  does  not  seem  to  be 
I  to  any  ctianges  in  the  inhibitory  apj^mratus. 

[jOfis  of  flesli  and  thirst  have  been  ol>served,  even  when  the  appetite 
kood  and  sufficient  fmid  and  water  are  supplied,  Tlie  urine  is  uni- 
imly  increased  in  amount,  Lauz  ol>servt*d  some  dyspm:ea  and  occa- 
pial  diarrhoea,  sometimes  with  blood  in  the  stools,  along  with  a  curious 
fness  in  the  hind  legs.  Most  of  his  dogs  treated  by  hyjKidennic  in- 
Btions  died  after  a  longer  or  shorter  time,  but  be  is  inclined  to  look 
on  this  as  due  to  putrefactive  prtnlncts  in  the  preparations  which  he 

pCyon  has  recently  stated  that  iodothyrin  increascH  the  irrii ability  of  the  inhihUory 
Plinations  in  the  heart,  but  this  is  opposed  to  the  well -established  fjict  that  the  hvart 
derated  by  thyroid  preparmtion:^ 
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used.  Hellin  has  asserted^  however,  that  thyroid  extract  which  has 
not  undergone  putrefaction,  causes  gastro-enteritis,  nephritis,  cloodv 
swelling  of  the  cells  of  the  liver  and  spleen,  and  paresis  of  the 
hind  legs.  Cunningham,  on  the  other  hand,  asserts  that  fresh 
thyroid  is  |pt  poisonous  to  normal  dogs,  but  this  is  again  disputed  by 
Georgiewsky. 

Some  of  the  symptoms  induced  in  man  by  an  overdose  of  thyroid 
resemble  those  seen  in  exophthalmic  goitre  or  Graves'  (Basedow's) 
disease^  and  exophthalmos  has  been  observed  in  monkeys  to  which 
large  amounts  of  thyroid  were  given. 

As  may  be  gathered  from  the  above,  great  discrepancies  occur  in  the 
accounts  of  the  effects  of  thyroid  on  normal  animals.  The  accelera- 
tion of  the  heart  and  the  fall  in  weight  seem  to  be  the  most  common 
results,  and  it  is  certainly  possible  that  the  other  symptoms  described 
are  due  to  the  injection  of  albumoses  and  other  putrefactive  products. 

The  effects  of  thyroid  extract  on  the  Metabolism  have  been  repeat- 
edly examined,  with  very  uniform  results.  One  of  the  most  striking 
features  in  many  individuals  is  the  rapid  loss  of  weight,  which  often 
amounts  to  several  pounds  per  week.  Another  is  the  increase  in  the 
amount  of  nitrogen  in  the  urine,  which  occurs  both  in  goitre  and 
myxoedema,  and  very  often  in  apparently  normal  persons.  More  ni- 
trogen is  excreted  in  the  urine  frequently  than  is  taken  in  the  food, 
that  is  to  say,  the  iodothyrin  leads  to  the  destruction  of  the  proteids  of 
the  tissues.  If  more  nitrogenous  food  be  given,  however,  this  may  be 
arrested,  and  in  fact  if  large  quantities  of  meat  be  taken,  less  nitrogen 
may  be  excreted  than  is  taken  in  the  food,  so  that  although  the  patient 
is  losing  in  weight,  he  may  be  actually  increasing  in  nitrogenous  tis- 
sue. If,  on  the  other  hand,  a  patient  has  been  put  in  nitrogenous 
equilibrium,  and  then  under  iodothyrin  begins  to  excrete  more  nitro- 
gen than  he  ingests,  this  excessive  tissue  waste  is  not  stayed  by  in- 
creased carbohydrates  and  fats;  that  is,  the  carbohydrates  and  fats 
cannot  replace  nitrogenous  food  to  the  same  extent  as  in  normal  individ- 
uals. Iodothyrin  has  thus  a  specific  effect  in  increasing  the  waste  of 
the  proteids  of  the  body.  But  this  increased  waste  of  the  proteids 
only  accounts  for  about  one-sixth  of  the  loss  of  weight,  the  other  five- 
sixths  bein^  evidently  due  to  the  more  rapid  oxidation  of  fats  and  the 
removal  of  fluid  from  the  body.^  The  more  rapid  oxidation  is  further 
evidenced  by  the  increased  amount  of  oxygen  absorbed  and  of  carbonic 
acid  exhaled  by  the  lungs  in  cases  of  myxoedema  and  sometimes  in 
obesity  and  goitre  treated  with  the  extract.  The  removal  of  fluid  from 
the  body,  perhaps  the  most  potent  factor  in  reducing  the  weight  in 
these  cases,  is  shown  by  diuresis,  which  occurs  in  myxoedema  especially, 

1  Schondorff  states  that  in  nitrofi^enous  equilibrium  the  oxidation  of  the  fats  is  in- 
creased before  the  proteids  of  the  body  are  attacked,  but  when  the  fat  destruction  has 
reached  a  certain  j)oint,  the  proteid  waste  is  also  increased.  The  early  augmentation  of 
the  nitrogen  of  the  urine  does  not  indicate  an  acceleration  of  the  proteid  metatml ism, 
but  is  due  to  tlie  removal  of  urea  and  other  products,  which  have  been  formed  in  the 
tissues  l)efore  the  administration  of  the  remedy,  but  which  are  now  excreted  through 
the  increased  activity  of  the  kidneys. 
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iMit  also  in  obei^ity.     Tliis  diuresig  has  been  ascriljed  to  some  specific 

tion  OQ  the  kidney,  or  to  tlie  changes  in  tlie  circulatioD^  but  nmy  per- 
ips  be  due  to  the  increiised  excretion  of  orea  and  other  nrioary  sub- 
etanoes.  That  the  kidney  is  acted  on  in  some  cases  is  shown  by  the 
cocsasioDal  appciarance  of  albumin  in  the  urine  of  patients  t^atc^l  with 
thyroid,  but  it  is  still  undetermined  whether  this  is  due  to  the  iodothyriu 
or  to  some  other  body,  perhaps  of  putrefactive  origin.  ■ 

The  phosphates  excreted  are  increased  in  the  same  ratio  as  the  nitro- 
geo,  and  the  increase  is  obviously  due  to  the  same  cause,  augmeDted 
pmteid  waste. 

In  some  cases  sugar  has  been  found  in  t!ie  nrine  after  tliyroid  treat- 
ment, and  in  a  consideral)le  [Moreen tage  of  persons  it  seems  to  cause  a 
tendency  to  glycosuria,  as  is  shown  by  the  ap|)earance  of  sugar  in  the 
tirine  after  the  ingestion  of  large  quantities  of  sugar,  which  would 
normal ly  be  oxidizt^d  in  the  tissues.  The  uric  acid  excretion  does  not 
seem  to  be  materially  affected  by  thyroid  treatment. 

After  iodothyriu  has  been  administered,  iodine  is  found  in  the  urine 
ID  the  form  of  iodidet^,  so  that  the  icMJothyrin  is  evidently  deccnn|x>sed, 
at  any  rate  in  part,  in  the  body.  The  rest  of  the  iodine  is  taken  up 
by  the  thyroid  gland,  and  it  would  appear  probable  that  it  enters  into 
it  io  the  form  of  iodothyriu,  and  that  no  preliminary  deoomposttioQ 
occurs  here. 
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In  regard  to  their  reaction  to  thyroid  rae<iiciition,  individuals  vary  consid- 
erably, for  inainy  art*  scarcely  atlected  hy  it  in  Jiny  way,  and  thia  i«  piirticu- 
[y  true  of  childrt^a,  while  othrrs  lose  weight  mpirliy,  and  under  larger 
show  symptom}*  of  poisoning  (thyroid ism)*  These  seem  to  be  more 
lily  elicited  in  goitre  and  niyxanK'niu  than  iti  ordinary  cases.  On  the 
other  hand,  in  GraveVa  disease  the  symptonis  are  generally  aggravated  by 
thyroid  treatment,  although  a  few  cases  are  recorded  in  which  it  gave  relief 
Many  anthoritiea  therefore  believe  that  Gravels  disease  is  due  to  the  over- 
production of  iodothyrin,  but  this  has  not  yet  beeji  proved,  although  there 
is  ooQStderable  support  for  the  theory. 

The  fact  that  *' thyroidism "  occurs  more  frequently  in  myxcedematoiis 
than  in  norimil  person.'*  fteems  ditticult  of  explamitioa,  hut  it  has  t»een  ^ug- 
^osled  that  the  syraptoma  are  due  not  t-o  the  iodothyriu  itHclf,  hut  to  the 
prodactii  of  its  action.  It  may  he  supposed  that  in  myxietlema  a  large 
amoiiDt  of  some  substance  accuiunlates  in  the  tiasues,  becau!^'  the  iodothyria 
is  not  present  in  sufficient  quaotity  to  deeompo^  it,  and  that  when  the  thy* 
roid  treatment  ia  commenced,  the  Ixidy  is  floodeil  with  the  prcducts  of  de- 
oom[>ositioa  and  these  give  rise  to  symptoms.  In  normal  i>ensons,  on  the 
other  hand,  there  Is  no  »uch  aecumulution,  and  iodothyriu  therefore  induoot 
no  sympt4)m3  until  it  U  given  in  such  f|uanttty  as  to  induce  int4>xication  It- 
mlt  In  Grave's  disease  the  iodothyiin  would,  of  course,  tend  to  aggmvata 
Hia  qrinptomn,  if  these  are  due  to  its  excessive  prtwluction.  Until  more  it 
learned  of  the  action  of  iodothyriu  and  of  the  rauiw  of  Grave's  disease^  how- 
ever, the^'  explanatioua  are  mere  hypothe**i*.s,  and  they  need  not  bt?  enlertxl 
tipou  further  here. 

Iodine,  as  has  been  stated,  increases  the  iodothyria  of  the  gland,  and  this 
perhaps  explain?*  the  Ijeneficial  effects  formerly  seen  in  goitre  from' the  applica- 
tion of  iodine  intenifiUy  and  locally.  When  iodine  was  efBcient  in  tho«e 
caaes,  and  any  conMidemble  diminution  of  the  gland  occnrrrd,  it  wns  nflta 
impanied  by  Hym[>toms  exactly  resembling  those  produced  by  large  do 
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of  iodoihyiin.  Those  symptoms  were  caused  by  small  qiiantitieB  in  some 
paticDt^f  while  nmeli  larger  closes  had  no  such  effects  in  others — a  fact  wbich 
jrave  rise  to  ^oiue  disciii^sloTi  and  several  erroneous  Ibeoriea,  Sometimes  the 
acute  symptoms  passed  into  a  cachexia  of  very  long  standing.  The  quan- 
tity of  iodine  required  to  act  in  goitre  is  much  greater  than  the  iodine  of  thf 
iodotbyrin  n#cetfsary,  and  this  shows  that  the  latter  acta  not  merely  as  la 


Fig,  5L 


FiQ.   52. 


/, 
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^i^  crtMliii^m.    Fig.  61,  before  trefttnienl,  ftg«  23  months,  tieight  28   tnchei.cif- 
cun.     :  >      .u.tittneu  lu  luche4i.     Fig.  52  nfter  Ire&tmcnt  wlUi  thyroid  extract  for  «!(3^  moolh*. 

bdght  U<J  lucktftf,  drcuiufereuce  of  nbdauuco  15  inches.      (OsLiiB. ) 

iodine  compound,  but  as  the  specific  Bul>Btan*'e  of  the  gland.  Various  iodine 
compounds^  such  iia  iodailntmin  and  iodospongin  (the  iodine  compound  of  the 
sponge)  have  been  shown  to  be  practically  inert  in  goitre,' 


PHEPABATTONS, 

Thyboideum  Siccum  (B.  P*),  a  powder  prepared  from  the  fresh  and 
healthy  thyroid  gland  of  the  sheeji.  It  forms  a  light,  dull-browii  powder 
with  a  faint^  meat  like  odor  and  laste,  free  from  any  odor  of  putrescence. 
About  16  gra.  represent  an  entire  gland.     Dose,  3-10  grs. 

^  In  thit)  account  of  the  action  of  the  thyroid  extract  and  its  constituents,  the  gen- 
erally accepted  view  hits  t>een  given,  namely,  that  the  tliyr*>id  gland  secretes  a  aub«tance 
into  the  blood  wliich  is  iieeeHsury  to  the  nnniiul  life  of  theorgimigm.  It  must  be  added 
thiit  BUmi  iidvcicjites  tlie  thetiry  ttiiit  ilie  thyroid  glixnd  retama  its  colloid  substance  b 
its  interior  and  employs  it  to  destroy  ul  poisonous  proteid  formed  in  the  conrse  of  metab- 
olism. The  groundti  for  thiii  view  seem  quite  inadeqaaie,  however,  and  the  reader  may 
be  referred  to  the  numerous  papcn*  of  Blum  on  the  subject. 
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LalQUOK  Thtboidki  (B.  P.),  a  liquid  prepared  from  the  fresh  and  healthy 
thyroid  ^and  of  the  sheep,  and  containing  some  phenol.  A  pinkish,  turbid 
fluid,  entirely  free  from  any  odor  of  putrescence.  It  ought  to  be  freshly  pre- 
pared.    6  C.C.  (100  mins.)  represent  an  entire  thyroid  gland  (5-15  mius.). 

Thyroid  medication  may  be  carried  out  in  a  number  of  different  ways. 
The  old  method  of  ordering  the  raw  or  toasted  gland  to  be  taken  daily  may 
now  be  said  to  be  rendered  obsolete  by  more  elegant  preparations,  such  as 
dried  thyroid  or  thyroid  extract  in  powder  form  or  in  pills  or  tablets,  or  the 
liqaor.  These  ou^t  not  to  be  prescribed  in  large  quantities  as  they  are 
liable  to  undergo  putrefiu^on  unless  when  carefully  kept ;  iodothyrin  tablets 
have  also  been  introduced,  each  containing  0.001  G.  (^  gr.)  or  more  of  iodine. 
The  dose  should  be  small  at  first  (e.  g.^  \  gr.  of  the  dried  gland  or  2-3  mins. 
of  the  liquor  every  evening  for  the  first  week  of  treatment)  and  should  be 
gradually  inoreaaed,  until  improvement  sets  in  or  unpleasant  symptoms 
arise. 

Therapevtle  Ums.  —  Iodothyrin  is  not  a  dangerous  remedy,  unless  in 
oertain  cases.  In  myxoedema,  however,  it  should  be  used  with  care, 
especially  if  the  heart  is  seriously  affected,  as  the  cardiac  muscle  may 
be  unable  to  meet  the  requirements  of  the  accelerated  rhythm  ;  several 
serious  cases  and  one  or  two  fatalities  have  already  been  recorded  in 
these  conditions. 

Iodothyrin  is  useful  as  a  substitute  for  the  normal  gland  secretion 
in  cases  where  the  latter  is  vranting  or  deficient,  as  in  myxoedema, 
cachexia  thyreoprivay  goitre  and  sporadic  cretinism.  In  all  of  these 
the  medication  has  to  be  continued  Tor  a  long  lime,  perhaps  through- 
oat  life,  as  otherwise  the  patient  relapses  into  his  former  condition. 
The  decrease  in  weight  occurring  in  thyn>id  medication  suggested  its 
use  in  obesity,  and  it  has  been  followed  by  some  loss  of  weight  in  a 
oertain  number  of  cases,  especially  when  accompanied  by  pn>per  die- 
tetic treatment  In  many  instances  it  has  had  little  or  no  effect,  how- 
ever, and  the  initial  encouraging  action  is  seldom  maintained  when  the 
treatment  is  continued,  the  daily  loss  of  weight  gradually  becoming 
smaller  until  it  ceases  altogether.  The  amount  of  fat  actually  de- 
stroyed seems  to  be  trifling,  Magnus-Levy  e;«timating  that  about  one. 
pound  disappears  in  ten  days,  which  is  much  less  than  can  be  got  rid 
of  by  judicious  exercise  and  an  appropriate  dietary.  Besides  the 
continued  use  of  thyroid  in  these  cases  is  not  altogether  devoid  of 
danger. 

In  some  skin  diseases,  especially  in  p6oria.«is,  it  has  been  of  benefit,  though 
not  by  any  means  iovariably,  and  in  syphilis  of  old  .standing  some  improve- 
ment has  been  seen.  This  i^  probably  due  to  the  iodine  contained,  and  not 
to  the  specific  gland  secretion.  At  the  ;^me  time  the  peculiar  combination 
in  which  the  iodine  L»  present  may  perhaps  be  more  easily  made  use  of  by 
the  economy  than  the  ordinary  inorganic  preparations. 

The  improvement  seen  in  the  brain  ttymptoms  in  my zf edema  and  cretin- 
ism suggested  its  use  in  other  mental  r]i<i«'a.'«e-*,  but  the  action  in  the  former 
is  due  to  its  sob^titution  for  the  normal  jte«-retiun,  and  little  or  no  eflfect  has 
followed  in  ordinary  caseA  of  mental  fn>ease. 

In  Graves^  disease  it  9eem.s  ^nerally  to  U*  injurious.     .\  curious  relation 
appears  to  erist  between  thyroid  and  the  thymu!«  ^land.  for  the  admini<t ra- 
tion of  the  latter  is  often  attended  by  H^ime  relief  in  thi^  didea.<<e. 
46 
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Other  Internal  Secretions. 

Extract  of  the  Suprarenal  or  Adrenal  Glands.    See  p.  463. 

The  extracts  of  the  Pitnitary  Body  or  rather  of  its  posterior  lobe  or  in- 
fundibular body,  cause  some  changes  in  the  circulation,  owing  to  their  con- 
taining two  substances  which  have  been  termed  the  pressor  and  depressor 
bodies.  The  arterial  tension  is  increased  by  the  extract  or  by  the  pressor 
body,  but  the  rise  is  smaller  than  that  induced  by  suprarenal  extract^ 
although  it  is  maintained  longer.  The  heart  is  slowed,  partly  through  in- 
hibitory action,  partly  from  direct  action  on  the  muscle.  The  depressor 
body  causes  a  transient  fall  in  the  blood  pressure.  The  hypodermic  injection 
of  large  quantities  of  the  extract  is  followed  by  paralysis  in  mammals. 
Schiif  found  that  extract  of  the  hypophysis  caused  a  marked  increase  in  the 
excretiou  of  phosphates  in  a  case  of  acromegaly  and  in  a  healthy  old  man, 
while  it  had  no  effect  on  a  younger  individual ;  he  attributes  this  to  the  ex- 
tract tending  to  increase  the  destruction  of  the  bone  tissue.  Acrom^^y  is 
generally  regarded  as  being  connected  in  some  way  with  disease  of  the  hy- 
pophysis, but  the  extract  does  not  seem  to  modify  the  disorder  in  most  cases, 
although  improvement  has  been  stated  to  occur  sometimes. 

The  Thjnnus  Gland  has  been  found  to  contain  minute  quantities  of  an 
iodine  compound,  which  may  be  identical  with  that  of  the  thyroid.  Svehla 
found  that  the  injection  of  an  extract  into  the  veins  caused  considerable  ac- 
celeration of  the  pulse  with  some  depression  of  the  blood-pressure.  The 
acceleration  was  found  to  be  due  to  direct  action  on  the  heart,  the  fidl  of  the 
blood-pressure  to  paralysis  of  the  vaso-constrictors.     Very  lai^  quantilaes 
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«a«ed  restleesneas,  collapse  and  ckath.  Thymus  extract  han  hem  ndvlBod 
weiophihalmic  pniny^  and  [^  ^M  to  be  of  some  value  iu  ft  certftiu  number 
«f  ^8,  but  does  nut  beuetit  most  putitiut^. 

rtie  rxc'isioQ  of  the  Pancreas  iu  uxjimal-*  is  followed  by  the  appejimnre  of 
^m  in  liirge  quantity  hi  the  urine,  and  iu  mauy  cases  of  diabetea  iti  the 
*'«"mii  subject  the  paticreas  in  found  diseased,  »o  that  this  glaud  seemH  to 
'^i^te  some  aiibstaace  %vhich  m  required  by  the  tLssues  to  enable  them  lo 
laaiiirain  the  noriual  amount  of  sugar  in  the  blood.  Exlmet  of  pauereaa  htt« 
»Oert>rore  In'tni  administered  in  diabetes,  but  a^  yet  without  saiisfaetory  re- 
**«'U  in  the  ordinury  form  of  the  dtseaae. 

Baae  Marrow  extract  and  Spleen  extract  have  been  given  In  pcmiclaus 
■^^ernia  la  order  to  increase  the  number  of  the  red  cells,  and  luany  other 
^^traet4  of  organs  have  been  proposed,  often  on  the  mo«t  extraonlinary 
potm.ls.  It  was  nut  to  be  exjieeted  that  these  extraets  of  bralOp  ll€«irt,  liver, 
*iduey,  proitate  and  lung  would  prove  of  benefit  in  the  diaeiUNfie  of  these 
^fganSy  and  experience  htis  shown  that  they  may  without  exception  be  rele- 
glltod  to  the  realms  of  quackery. 

One  extract  deserveti  mention  on  account  of  the  attention  it  has  attmctcdf 
Ind  the  inJlueuce  it  has  had  on  the  theory  of  orgunothempriitiea — the  ex- 
tract of  the  Testicles.  The  u^e  of  testicular  extract  wtw  liist  recommended 
)y  Browii'Sequ.ird  in  1889,  as  having  a  general  tunic  ellect.  He  wae  led  ta 
jiis  CO  notation  by  the  ciinsideration  that  the  sexual  power  is  dlminlehed  in 
idvanced  life  and  made  the  bold  8tep  from  thi^,  that  one  of  the  catuea  of  the 
roee  of  old  age  is  the  diminution  of  the  internal  secretion  of  the  iisetca ; 
•his  elixir  of  yonth  might,  however,  be  obtaineii  by  extracting  the  t»rgan§  tn 
ranoa«»  ways.  It  is  surprising  h<iw  widely  thin  theory  has  been  acc«!|>ied, 
fcUd  with  what  ze^l  all  .sorts  of  i»  re  pa  rat  ions  of  the  testtclt^  and  o  varies,  In- 
Uiding  the  unaltered  human  .^emen,  have  been  used  in  ther.ifH>utic9,  and^  It 
Qust  be  ad  lei  in  justice  to  the  observers,  in  experiment«i  upon  thenmelviae. 
^hile  there  is  nj  question  that  the  removal  of  these  organs  exercises  an  \m* 
to  riant  indue  nee  on  a  number  of  organtu  and  tis«iueii^  there  are  so  soflleiaili 
roun  Is  for  believing  that  the  testicular  extract  has  any  elftsci  whataoever 
xcept  through  hypnotic  suggeaition.     Two  investigators  have  recently  at- 

eptefl  u>  demonstrate  the  inoreaiie  in  the  mu^ular  strength  by  meaaa  of 
ergo^raph,  but  the  results  obtained  by  raean.^  of  this  instrument  in  oilier 
ive-ttigitions  have  proved  ao  de<*eptive,  that  little  weight  in  to  be  laid  OO 
tietr  results.  Loewy  and  Richter  state  that  extract  of  teaiicle  increasei  tli* 
xi  latiou  in  the  tiasu«Mi  of  male  castrated  animals,  but  not  in  normal  mala 
uimUa  or  in  castrated  females ;  extract  of  ovary  (oaphorim)  has  a  similar 
flTe  ^t  on  the  castrated  Jeinale. 

Instead  of  the  extmot  of  testicle,  wpenmn^,  an  alkaloid  found  in  the  tflwtkto 
hiefly,  but  also  in  a  number  of  other  organs,  has  been  prop^isad  bgr  PoaliL 
Loooniing  to  this  author,  it  u  an  important  factor  tn  the  oxldLallofi  of  tba 
lawes.  and  a  number  of  symptoms  of  disease  are  due  to  iU  beloi 
ated  In  the  fonn  of  the  pbo*ptiale  and  thus  rendered  inactive^ 
tS|H>cially  liable  to  ooeur  Wlieiiever  the  aOcalinily  of  the  blood  is  mdoesl  te 
iny  way.  Poehl^s  upenniDS  lias  tbaralbrB  been  advlssd  in  a  latys 
kf  dissiises,  and  tn  fact  is  ooQsldaeed  bjr  tonia  alaesl  a  puaaM.  Uk  < 
aenti  are  not  foond»l  on  aov  MlUJietofy  ecpsflaMiilal  or  cUnioal  obi0vs 
Ions,  and  ba%  e  mec  irttli  IHtle  ercd»«iea  fhm  experieaosd  ^| 
nine  was  at  oue  Ume  supposed  to  be  Idaatieal  witli  j  ' 
>roved  to  be  i 


BtBUOaBAFHT. 

In  PHttltanr  ClUnd. 

mad  €Mmer,    Jcmm.  of  Pbya,  nrfB,,  sw  177* 
Jaoni.  si  i^  Med..  bL,  p.  tl^ 
Wkn,  kBm,  Waeb  ,  1AP7,  a.  177. 


724  FERMENTS,  SECRETIONS  AND  TOXALBUMINS 

CUghom.     Amer.  Joum.  of  Phys.,  ii.,  p.  282. 
Schafer  and  Vincent     Jour,  of  rhysiol.,  xxv.,  p.  87. 

On  Thymus  Gland. 

Svehla.     Arch.  f.  Exp.  Path.  u.  Pharm.,  xliii.,  p.  321. 
KinnicuU,     Cong,  of  Amer.  Phys.  and  Sarg.,  iv.,  p.  157. 

On  Testicular  Extract  (experimental). 

Zoth.     Pflueer's  Arch.,  Ixii.,  p.  335  ;  Ixix.,  p.  386. 

Pregl.     Ibid.,  Ixii.,  p.  379. 

Loewy  u.  Riehter,     Arch.  f.  [Anat  u.]  Phys.,  1899,  SappL,  p.  174. 

Dixon.     Joum.  of  Physiol.,  xxvi.,  p.  244. 

On  Spermine. 

Bubis.     Therap.  Monatsch.,  1896,  p.  22. 
SfnUer.     fieri,  klin.  Woch.,  1895,  p.  695. 
PoefU,    Ztschr.  f.  klin.  Med.,  xxvi.,  p.  135. 

IV.    TOXALBUHINS. 

A  series  of  bodies,  whose  existence  has  only  been  recognized  in  the  last 
few  years,  but  whose  importance  in  medicine  is  ever  increasing,  is  that  of 
the  poisonous  proteids  or  toxalbumins.  The  idea  that  a  proteid  can  pro- 
duce dangerous  or  even  fatal  symptoms,  or  act  in  any  way  except  as  a  food, 
dates  only  from  1884,  but  many  of  the  animal  poisons  are  now  believed  to  be 
of  proteid  nature,  and  the  toxins  formed  by  the  micro-organisms  of  disease 
are  almost  certainly  of  the  same  general  class.  The  description  of  most 
of  these  must  be  relegated  to  the  text-books  on  bacteriology  and  pathology, 
but  some  toxalbumins  which  are  associated  with  drugs  in  daily  use  deserve 
short  mention. 

Bicin  is  an  intensely  poisonous  globulin  found  in  the  seeds  of  Ricinos 
communis  along  with  castor  oil,  which  does  not  itself  contain  this  principle, 
however.  Ricin  is  poisonous  in  doses  of  about  ^  milligram  (iVinr  gr.)  per 
kilogram  body  weight  when  it  is  injected  into  the  blood,  and  is  somewhat 
less  poisonous  when  applied  subcutaueously,  but  seldom  causes  any  symp- 
toms when  swallowed,  as  it  is  apparently  destroyed  for  the  most  part  by  the 
digestive  ferments.  It  is  thus  among  the  most  powerful  of  the  vegetable 
poisons  when  it  is  injected  directly  into  the  blood.  Death  often  occurs  only 
several  days  after  the  injection  in  animals,  and  in  the  interval  no  symptoms 
make  their  appearance  except  some  loss  of  appetite,  and  towards  the  end, 
diarrhoea  and  vomiting.  Post-mortem,  the  bowel  is  found  inflamed  and 
congested  and  contains  ecchymoses ;  blood  is  found  in  the  serous  cavities,  and 
extravasations  may  occur  in  various  other  organs,  although  not  so  uniformly 
as  in  the  bowel.  Among  the  most  obvious  lesions  are  the  innumerable 
ecchymoses  in  the  great  omentum  and  the  swelling  of  the  abdominal 
lymph-glands,  which  generally  contain  numerous  small  hsemorrhages. 
Microscopical  examination  reveals  small  foci  of  necrosed  tissue  in  the 
liver,  spleen,  intestine,  stomach  and  other  organs.  Ricin  seems  to  be  ex- 
creted by  the  intestinal  epithelium,  which  may  explain  the  violence  of  its 
action  here,  although  it  acts  as  a  poison  in  many  other  tissues.  It  is  a 
powerf\il  irritant,  inducing  inflammation  and  suppuration  when  it  is  injected 
subcutaueously,  or  is  applied  to  the  conjunctiva.  On  the  other  hand  it  has 
little  or  no  irritant  action  on  the  mouth  and  throat,  and  is  digested  and 
rendered  harmless  in  the  stomach.  The  mucous  membrane  of  the  nose  is 
irritated  by  the  inhalation  of  the  powder  in  many  persons.  This  toxoglobu- 
lin  has  a  very  characteristic  action  on  the  blood.  When  a  drop  of  a  dilute 
solution  is  added  to  a  test-tube  of  defibrinated  blood,  the  corpuscles  soon 
fall  to  the  bottom,  leaving  the  clear  serum  above,  and  the  blood  does  not  filter 
througb  paper  any  longer,  the  corpuscles  all  remaining  on  the  filter,  the  serum 
passing  through  colorless.     This  is  due  to  the  agglutination  of  the  red  cells, 
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iHilcli  are  foruunl  into  massea  and  tiui«  Ml  to  paaa  through  the  poises  of  the 
mter.  Fib  I  in  does  not  seem  to  be  formed  in  the  proeess,  as  was  at  one  time 
stlppooed,  but  the  natureof  the  cementing  substance  isunknown.  8ttUmark 
eopposed  that  riein  formed  tliO!*e  masse.^  of  red  cella  in  the  blwxl  veK^ek,  and 
that  the  symptom.-^  were  due  to  the  emboli  result ing,  but  thiet  is  certainly  m- 
eorrect,  for  the  blood  of  immune  animals  reacts  in  the  same  way,  yet  these 
are  not  poisoned  by  many  time^  the  usual  fatal  dose  of  ricin. 

Ehrlich  found  that  animals  nipidly  actjuired  immunity  to  the  action  of 
ricin,  if  they  received  for  some  time  small  non -toxic  doses.  From  this  dis- 
covery ha'*  arisen  the  whole  of  fterum-tbempeutlr^^  which  plays  sut-h  an  ira* 
portant  r61e  in  medicine  at  the  present  time.  By  (gradually  increa^sing  the 
dAtly  amount  of  ricin,  rabbits  have  attained  an  immunity  of  fi^OOO,  that  is^ 
they  are  not  atTected  by  5,(MX>  times  as  much  riein  as  would  have  killed 
them  had  no  preliminary  treatment  In^en  institiittHK  This  immunity  is  en- 
tirely dilferent  from  the  tolerance  acquired  for  morphine  and  other  drugs, 
for  the  latter  is  due  to  the  cells  of  the  body  bceoniing  accustomed  to  being 
eonstt&ntly  bathed  in  a  fluid  containing  the  alkaloid.  The  same  tolerance 
ia  aoqaired  by  various  marine  animals,  which  would  be  killiMl  if  suddenly 
changed  to  fresh  water,  but  which  are  gradually  acclimatized,  ifthechani^e  is 
made  more  gradually  by  adding  inrreiising  proj^ortions  of  fresh  water  to 
the  ft©a  water  of  the  aquarium.  The  immunity  aeqnircd  for  ricin  and  other 
(oxalbumins  is,  on  the  contrary,  ilue  to  the  fonuation  in  the  Imdy  of  a  sub* 
fltunce  which  antagonizes  the  original  poison,  and  which  is  known  as  an 
antitoxin,  in  this  ease  ant i ricin.  This  antagonistic  substance  eireulatc»9  in 
the  blcK>d,  and  can  be  withdrawn  from  the  immune  animal  and  itijected  into 
a  second,  which  then  aciiuirt^  a  certain  degree  of  immunity,  although  less 
than  that  of  the  tir-it.  In  tolenuu-e,  then,  the  tissues  heeome  indiflerent  to 
the  poison;  in  immunity  Ihey  form  an  antitoxin.  Antiriein  is  antagonistic 
only  to  riein  ;  it  does  not  protect  an  aniiunl  fnm\  any  other  toxiilbumin. 

Ricin  and  antiriein  arfe  not  imed  in  theraiJeutic^s,  but  ricin  has  repeat4*dly 
given  rise  to  poisoning,  from  the  beans  being  taken  its  a  substitute  for  the 
oil.  Oattle  have  also  been  poisoned  by  being  fed  on  the  refuse  of  cast<»r  Mil 
beans  after  the  oil  had  lx*en  expres^^ed. 

Another  vegetable  toxalbumin  which  resembles  riein  very  closely  in  ita 
eff^ts  19  Abrin*  which  is  obtained  from  the  seeds  of  Abrus  precatoriusor  J6- 
quirity,  the  familiar  st^arlet  and  black  beans,  which  are  often  formed  into 
iifx^klaees.  Abrin  contains  two  pois*ms,  a  globulin  and  an  albumose^  of 
which  the  former  is  the  more  powerful.     It  induces  the  same  symptooEia 

ricin,  but  is  k»^ss  poisimous,  uud  immunity  can  be  acquired  in  the  same 
way.  Animals  which  are  immune  to  ricin  are  not  more  resistant  to  the  ac- 
tion of  abrin  than  others^  beciiuse  the  two  poisons  form  different  antitoxins. 
Abrin  or  je<iiiirity  hivs  been  used  as  an  irritant  to  the  eye  in  cases  of  graau* 
lar  lids  and  of  corneal  opii**ities.  It  causes  an  acute  intlammation  which 
iinpr<»v#5S  the  eonditiim  in  some  cases,  but  it  must  be  regartled  as  an  exceed- 
ingly dangt*rous  rt*mcdy,  a^  the  intlammation  is  entirely  beyond  the  control 
of  the  piirgeons.  In  animals  the  eye  is  often  completely  destroyed  by  tho 
application  of  abrin,  while  in  other  experiment-^  enough  of  the  drug  is  ah- 
sorbod  to  eanse  fatal  poisoning. 

Grot  in  is  another  toxalbumin,  which  is  found  in  the  Croton  TigUnm,  but 
which  4li»e«  not  pass  into  croton  oil.  It  is  less  poisonous  than  riein  and  ab- 
rin, but  resembles  them  in  most  tither  points,  except  that  it  does  not  caiiso 
agglutination  of  the  blood  cells  of  certain  animals,  while  ricin  and  abrin 
have  this  effect  in  all  kinds  of  blood  hitherto  exaininetl.  Many  other  plants 
contain  toxnlbumins,  but  none  of  them  have  aroused  so  much  interest  as 
those  mentioned  above. 

Many  animals  produce  proteid  poisons,  such  as  the  snakes,  the  poisonoua 
littrdf  HcbMierma  suspectuin  (Oila  monster),  several  amphibm  and  iish,  and 
the  scorpions  and  q>iders  (tarantula).     On  the  other  hand,  several  insecl 
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poisons  which  resemble  these  poisons  in  their  irritant  action  and  in  some 
other  points,  have  been  shown  not  to  be  proteids.  An  antitoxin  for  snake 
poison  has  been  introduced  recently  under  the  name  of  antivenin,  and  is 
found  in  the  bile  of  poisonous  snakes  and  in  smaller  quantities  in  that  of 
other  animals.  These  animal  poisons  and  the  bacterial  poisons,  however, 
can  be  treated  of  with  advantage  only  in  special  text-books. 

Bibliography  of  Bicin,  Abrin  and  Crotin. 

StiUmarh     Arb.  a.  d.  pharm.  Instit.  zu  Dorpat,  iii.,  p.  59. 
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V.   ooD-uvEB  on.. 

Cod-liver  oil  has  been  long  used  by  the  fishermen  of  the  North  Sea 
as  a  remedy  in  children's  diseases,  and  was  introdueed  into  medicine 
in  the  beginning  of  last  century,  but  became  generally  used  only  io 
the  last  fifty  years. 

It  is  obtained  from  the  liver  of  the  cod-fish  (Gradus  morrhua),  and 
probably  from  other  members  of  the  genus.  Formerly  the  livers  were 
left  to  decompose,  and  the  oil  set  free  by  the  breaking  up  of  the  cells 
was  collected.  It  had  a  most  disagreeable  odor  and  taste,  however, 
and  many  patients  could  not  be  induced  to  take  it,  while  those  who 
were  courageous  enough  to  swallow  it,  often  suffered  from  eructation 
and  diarrhoea  afterwards.  This  method  was  therefore  soon  replaced 
by  the  "  steam-process,"  in  which  the  oil  is  melted  out  of  the  fresh 
livers,  yielding  an  oil  of  much  lighter  color,  and  with  much  less  dis- 
agreeable smell  and  taste.  Quite  recently  a  new  process  has  been  intro- 
duced, by  which  the  oil  is  extracted  by  steam,  without  being  exposed 
to  the  air,  and  it  is  stated  that  oil  thus  obtained  is  less  disagreeable 
than  any  other. 

The  cod-liver  oils  used  in  therapeutics  differ  considerably  in  appear- 
ance and  in  composition,  the  older  preparations  being  browDish  in 
color,  and  having  a  strong  fishy  odor  and  a  somewhat  acrid,  disagree- 
able taste,  while  the  oil  prepared  by  the  more  recent  process  is  pale 
yellow  in  color,  and  has  much  less  odor  and  a  bland  taste. 

Cod-liver  oil  probably  contains  the  ordinary  constituents  of  an  ani- 
mal fat,  olein,  stearin  and  palmitin,  but  the  relative  proportion  in 
which  these  are  present  is  unknown.  Some  free  fatty  acid  is  gener- 
ally found  in  it,  the  darker  preparations  containing  some  4-7  per  cent., 
the  pale  yellow  oil  less  than  one  per  cent,  as  a  general  rule. 

Iodine  and  bromine  are  present  in  traces,  apparently  very  much  smaller 
in  amount  than  is  generally  believed.  The  usual  statement  is  that  0.03- 
0.04  per  cent,  of  iodine  and  0  003-0.005  of  bromine  exists  in  the  oil,  but  some 
oils  have  been  found  to  contain  only  about  one-hundredth  of  this  amount  of 
iodine. 

Phosphorus  is  found  in  traces  in  some  oils,  in  an  organic  combination. 
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not  in  the  free  stAle.  A  small  p6rceutage  of  eho1est>erin  ig  oAen^  not  invari- 
ably present,  and  bile  acida  and  pi^meoU  havi^  lx»en  wiiil  to  oeciir,  but  Ihin 
seems  incorrect.  A  number  of  bases  have  been  i'omul  In  cod -liver  oil  Uy 
Giiutier,  eapeciaHy  in  the  darker  colored  varietieii,  while  tlic  ludo  yellow 
oil  contains  little  or  none.  These  bases  or  alkaloi<ls  (leucoumine^s)  are 
Buitftamine  (CJ{^^N),  Amylamiiie  (CjH,;jN),  Hexyluminr  (C^Hj^N),  />t7iy- 
dro^uiiditie  (C^U,-N)  and  two  new  nou-voiatile  ones,  Astteiine  and  iXfurrhuintf, 
They  were  found  eoinbiued  with  morrhuie,  formic,  butyric  and  other  acids. 
Trimethiflamins  has  at»o  been  sjitd  to  occur  in  it. 

Heydenlalil  hius  recently  stated  tluit  cod-liver  oil  contains  no  olein  or 
stearin  and  only  i*omo  four  per  cent,  of  palmitin^  the  bulk  of  the  oil  being 
made  up  of  thenipin,  jecolein  and  other  i^tmilar  Iwdie^  ;  thene  are  all  giycer- 
ides  of  un^ia  turn  ted  acidi^  of  the  oleic  acid  series  except  therapin,  which  in 
the  jBflyceride  of  an  acid  with  several  unsaturated  carl>ons.  All  of  thcAc 
acids  change  to  oxyacitk  in  the  air  and  then  cause  eructation  when  HWallowed. 
He  attributes  the  benefits  arising  from  cod-liver  oil  treutment  to  tlK*»e  gly- 
cerides,  which,  be  considers,  are  rendiiy  ussimihae^I  by  the  tissues  and 
which  are  not  present  in  any  other  food.  But  it  seems  unUkely  that  this 
fiit  should  be  so  entirely  ditferent  frcim  all  otlier  animal  fats,  and  Ilryiler- 
daihrs  statement**  certainly  require  conlinnation  befure  they  can  be  accepted. 

Cod-liver  oil  has  no  very  distinct  action  when  taken  in  ortlinary 
dosesi  while  in  large  quantities  it  hu.H  a  tendency  U>  cause  erurtution^ 

■  liat^iiea  and  diarrlKea.  Taken  repcatefUy,  it  increases  tlie  weight  and 
strength f  and  improves  the  getieral  comlition.  The  same  etfcLls  an* 
obtained  in  healthy  per^)n8  by  the  use  of  gomi  fo^xl  and  fats,  but  deli- 
cate patients  wdio  are  unable  to  digest  ordinary  animal  fatii,  are  able 
to  take  a>d-liver  oil  Its  effects  are  obviously  th*><e  of  an  easily  w^ 
sitiiilable  food,  and  it  is  tiot  a  drug  in  the  ortlinary  s<»ns4^  of  the  term, 
and  has  therefore  no  place  in  pharmacology  pr^yperly  Bpeaking,  but 
shotild  be  classed  along  with  other  f(>cKls*  It  is  always  treated  of  an 
a  drug,  however,  because  it  has  often  lH?<>n  supposed  to  have  sorne  ft|K- 
cilie  effect  quite  apart  fnim  onlifiary  fiKnis,  It  is  generally  Wlieved 
to  dider  from  ortlinary  fatiS  in  being  more  readily  assimilable^  liul  the 
explanation  of  this  fact  is  by  no  means  agrtx-d  n|i«n*,  for  though  it  is 
often  said  to  be  more  nipidly  al>sorbe4l  fnjm  the  int^.'^tine,  there  ts  Ut- 
ile reliable  evidence  that  such  is  the  case.  A  few  experimenis  have 
been  oarrieil  out,  but  by  no  means  ent»ugh  to  i-stablish  tfjc  truth  of  the 
fftfttement  satisfactorily,  and  the  chief  argument  brought  forwani  in 
its  support  is  that  c^Kl-liver  oil  forms  an  emulsion  in  the  test-tube 
raort'  rapidly  than  other  oils.  It  is  undoubtc^lly  well  borne  by  the 
stomach,  but  it  lm»  not  l>een  often  con]|jared  with  other  oils  in  regard 
to  this  |>ointp  and  it  is  still  tm|iossible  to  state  that  other  oils  admiois- 
tere<l  with  the  same  care  as  cod-liver  oil  are  not  equally  suooesafal 
remt*die^» 

Buchheim  explained  that  cod-ltver  oil  formed  an  emulmoo  rapidly 
on  aeccMint  of  tbe  frt«e  acid  it  contained,  and  this  bia  geoerally  been 
put  forward  as  aixx>unttng  for  it»  effects  in  theni|ieQfica,  As  &r  aa 
l^egarila  tJie  oUl  <lark-cN>lored  oils,  this  explanation  may  hold  fcnod,  hot 
llie  pale  oil  now  uscil  in  therapeutics  often  c^>ntatn«4  less  free  :  *  '  ti 
ordioftry  olive  oil.    Some  entbasiaatic  supp>rtersof  Bucrhheii'  v 

have^  tbervfbfttf  uaerted  that  the  pale  oil  d<jes  not  give  the  tmme  renoht 
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as  the  older,  less  pure,  acid  preparations,  but  this  is  not  the  general 
opinion  of  the  medical  profession. 

The  older  explanations  started  from  the  view  that  cod-liver  oil  is  a  drag, 
that  the  oil  itself  is  only  a  means  to  administer  certain  active  principles 
contained  in  it.  Thus  iodine  and  phosphorus  were  in  turn  supp€»ed  to  Iw 
the  essential  constituents,  but  have  both  been  shown  to  be  present  in  too 
small  quantities  to  be  of  any  effect.  More  recently  cholesterin  has  been 
suggested  as  the  curative  agent,  but  it  is  present  in  smaller  quantities  in 
cod-liver  oil  than  in  many  oiher  foods. 

Lastly  the  bases  have  been  credited  with  lending  cod-liver  oil  all  its  vir- 
tues. But  the  pale  oil  contains  only  traces  of  these,  and  again  the  state- 
ment has  been  made  that  the  brown  oil  is  superior.  An  attempt  has  been 
made  to  support  this  theory  by  examining  the  urine  of  persons  under  treat- 
ment with  the  bases  separated  from  the  oil.  The  urine  has  been  found  in- 
creased in  amount,  the  urea  augmented,  the  less  oxidized  forms  of  nitrogen 
diminished,  but  these  experiments  are  of  no  value,  because  apparently  no 
measures  were  taken  to  keep  the  amount  of  food  ingested  constant. 

Several  substitutes  for  cod-liver  oil  have  been  proposed,  such  as  Lipanin 
(v.  Mering),  which  is  formed  from  olive  oil  by  the  addition  of  6  per  cent,  of 
oleic  acid,  and  which  was  suggested  by  the  theory  that  cod-liver  oil  owes  its 
rapid  absorption  to  the  presence  of  free  acid.  A  mixture  of  cacao  butter 
and  oleic  acid  has  also  been  introduced,  as  well  as  oil  of  sesame  and  olive 
oil.  On  the  theory  that  the  bases  were  the  indispensable  part  of  the  oil, 
Morrhnol,  a  crude  mixture  of  bases,  acids  and  pigment,  has  been  introduced 
into  therapeutics  and  used  to  some  extent,  but  it  has  not  proved  a  substitute 
for  the  oil  in  practice.  Lipanin  has  been  used  only  to  a  limited  extent,  and 
has  not  been  able  to  supplant  cod-liver  oil,  although,  like  oil  of  sesame  and 
olive  oil,  it  has  the  advantage  of  being  much  less  disagreeable  in  smell  and 
taste.  This  may  perhaps  be  due  to  the  conservatism  of  the  medical  profes- 
sion, rather  than  to  the  sx>ecial  merits  of  cod-liver  oil. 

On  the  whole,  cod-liver  oil  has  not  been  shown  to  have  any  action 
apart  from  that  of  an  easily  digested  food,  and  its  superiority  to  some 
other  fats  and  oils  has  not  been  satisfactorily  established. 

Preparation. 

Oleum  MoRRHUiE  (U.  S.  P.,  B.  P.),  cod-liver  oil.  Oleum  Jecoris  Aselli, 
a  fixed  oil  obtained  from  the  fresh  livers  of  Gkulus  Morrhua  and  of  other 
species  of  Oadus, — a  pale  yellow,  thin,  oily  liquid,  with  a  peculiar,  slightly 
fishy,  but  not  rancid  odor,  and  a  bland  slightly  fishy  taste.  4-16  c.c.  (1-4 
fl.  drs.). 

Therapeutic  Uses.  —  Cod-liver  oil  is  used  in  chronic  wasting  diseases, 
such  as  tuberculosis,  scrofula,  rickets  and  some  forms  of  syphilis.  It 
is  especially  beneficial  in  the  earlier  stages  of  pulmonary  phthisis,  but 
has  no  specific  virtues  here  or  elsewhere  apart  from  those  of  an  easily 
digested  fat.  In  all  forms  of  malnutrition  and  delicacy  in  children,  it 
is  largely  used,  and  undoubtedly  causes  a  considerable  increase  in 
weight,  but  care  must  be  taken  that  it  does  not  disturb  the  digestion, 
especially  if  the  darker  oils  are  used.  In  some  persons  pure  cod-liver 
oil  always  induces  nausea,  but  a  much  larger  number  refuse  to  take 
the  brown  oil.  In  most  cases  the  light-colored  oil  is  taken  readily, 
especially  if  the  dose  be  small  at  first  (a  teaspoonful).  When  there  is 
dyspepsia  or  a  tendency  to  diarrhoea,  cod-liver  oil  should   be  given 
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witb  caution,  and  it  is  generally  prescribed  only  in  cold  weatlieFi 
as  it  is  found  that  patients?  have  a  dii^taste  for  it  in  summer.  When 
fever  or  acute  disease  is  present,  cod-liver  oil  is  genemllv  found  of 
little  value^  perhaps  on  account  of  the  disturbed  eondilion  *)f  the 
digestion.  Cod -liver  oi!  should  not  be  forced  on  jwitients ;  when  it 
continues  to  induce  nausea  and  eructation  after  a  fair  trial,  it  should 
be  abandoned. 

In  numeral  lie  means  have  been  proposed  to  conceal  the  lulor  itnd 
taste^  but  it  is  generally  con  ceded  that  when  jK>9Sible  the  pure  oil  is 
better  given  alone.  When  patients  cannot  be  induced  to  take  it  in 
this  way,  some  volatile  oil,  ether,  or  brandy  may  l>e  added  to  it; 
saccharine  has  als*>  Ix^en  used  to  sweeten  it.  Creosote  is  soiuetimce 
mixed  with  cod-liver  oil  in  eases  of  phthisis,  or  an  emulsion  is  formed 
containing  cwl-liver  oil,  some  flavoring  substance,  iron,  hyiJophos- 
phites  or  calcium.  Extract  of  malt  and  cwl-liver  oil  form  a  e^iramon 
mixture,  and  are  the  basis  of  many  patented  emulsioTJs. 

In  general,  the  pale  oil  is  preferred,  but  it  must  be  addiHl  that  mme 
physicians  [persist  in  the  ust*  of  the  darker  forms,  which  ctmtain  more 
bases  and  more  free  acid^  but  ha\*e  a  much  more  disagrci^blc  taste  and 
smell,  and  are  more  liable  to  disturb  the  digestion.  Of  the  substitutes 
for  eod-Iiver  oil,  lipauin  has  little  taste  and  is  generally  taken  readily. 
It  may  be  given  shakea  up  in  milk,  or  formed  into  an  emulsion*         *" 
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VI,    PHLORIDZIN.^ 

Fhloridzin  is  not  used  in  therapeutics,  but  biw  attracted  iome  alientloii 
iU  effects  in  animalB,  and  may  therefore  be  itif-*iitloniHi  nhortly.  It  In 
^aooside  (CjjHj^Ojj,  4-  2H,0)  found  in  the  nH»tbiirk  of  the  «ppU%  J»fmf, 
and  plum  tree.  \^i}eii  given  in  large  (itianUtic***  by  th<<  mooth  li 
netimee  causes  some  diarrh^Fa  io  anitnalH,  l>ui  apnH  fnnn  ih\m  Itn  ooljf 
,  Is  glycosuria,  which  al^K)  fol1ow»  its  iiijcrti«>n  »iijhrutttnf)oii«t|r  or  trtlf»« 
Ay,  The  urine  is  fouad  to  r4>nl.ain  ^-15  prr  fvnt  or  eirgn  more  ol* 
r,  flometimee  along  with  moeUnm and  oxybut> rir  mU\,  tu^  that  Ihn  intox* 
I  mvma  at  first  sight  to  rM^mble  diabt^t^^  mi*llicui«  in  man  vt^ry  rloM«ly« 
liloridcin  indueea  the  mmm  rcMilta  in  man,  and  the  glyetMuriii  1a  ncit  afH!oiii* 
lied  by  any  other  «3niiliioiiii  generally.  It  diifi^tii  from  inie  diahotai, 
r,  in  the  Ihct  thi^  the  Mgar  of  the  blood  la  not  Incn-ji  ^  rtiount, 
^cHMtirta  is  nol  doe  Io  eajr  ehaane  in  the  general  m*  ^*f  the 

but  to  some  aH^rmlioo  of  the  mtml  rf    '  >  trh 

^WVimiMm  It  not  In  any  way  related  lo  tha  ^/Hhmifwg^  of  ^  Jy 

i  iBiertal  here  beaiiiie  no  wjtafcia  poiilioo  oeeid  hi  §mmA  BUemhi.t4^, 


I 


730  FERMENTS,  SECRETIONS  AND  TOXALBUMINS. 

the  blood  sugar  escapes  into  the  urine  instead  of  being  retained  in  the  body 
and  used  as  a  source  of  energy.     This  has  been  definitely  proven  by  Zuntz, 
who  showed  that  when  phloridzin  was  injected  into  one  renal  artery,  the 
urine  secreted  by  the  corresponding  kidney  contained  sugar,  while  that  from 
the  other  remained  normal  for  some  time.     As  the  available  sugar  is  drained 
off  in  the  urine,  the  tissues  rapidly  manufocture  more  and  pour  it  into  the 
blood.     As  long  as  sufficient  food  is  given,  the  loss  of  sugar  does  not  seem  Xa 
entail  any  increase  in  the  destruction  of  the  proteid  tif^sues,  but  when  phlo- 
ridzin is  given  to  starving  dogs,  the  waste  of  sugar  has  to  be  made  up  from 
the  tissues,  and  the  nitrogen  of  the  urine  accordingly  rises  in  amount,  while 
at  the  same  time  the  liver  cells  become  infiltrated  with  fat  globules.    The 
statement  that  the  sugar  of  the  milk  is  increased  by  phloridzin  has  proved 
to  be  incorrect. 

Glycosuria  may  be  maintained  for  an  indefinite  time  if  the  administration 
of  phloridzin  be  continued,  and  animals  recover  rapidly  when  the  treatment 
is  stopped.  The  glucoside  is  probably  excreted  in  the  urine  unchanged, 
although  this  has  not  been  quite  satisfactorily  demonstrated  as  yet.  Phlo- 
ridzin may  be  decomposed  into  a  sugar,  phlorose,  and  phloretin,  which  also 
induces  glycosuria. 

Syzygium  Jambolanum,  a  tree  growing  in  South  America  and  in  the  East 
Indies,  is  said  to  contain  some  unknown  substance  which  has  a  specific  action 
in  diabetes.  Several  clinical  observers  have  observed  improvement  in  some 
cases,  but  others  have  seen  no  result  whatever  follow,  and  as  a  general  rule, 
no  sufficient  estimation  of  the  sugar  of  the  urine  was  made  in  the  cases  in 
which  the  treatment  was  believed  to  be  successful.  Some  experiments  on 
animals  seem  to  indicate  that  it  modifies  the  sugar  formation  in  the  tissues, 
but  cannot  be  accepted  until  they  are  confirmed  by  fbrther  research. 
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PART  VI. 

MENSTRUA   AND   MECHANICAL  REMEDIES. 

Oleum  Theobromatis  (U.  S.  P.,  B,  P,),  cacao-butter,  a  fixed  oil  expressed 
from  tbo  secrbs  of  Theobruma  eacao^  toniii*  a  yellowisb- white  solid  luiviug  a 
^L&iut,  agreeable  odor  and  a  bland ^  ebocolale  tast(\  It  melts  a  little  bc'Iow 
^^^nhe  lerapeniture  of  the  body>  t'aeao-butter  is  used  almost  exclusively  t4> 
^^^nn  suppositories^  in  which  ustriuKcnts  and  other  remedie?^  are  iiicorjximted, 
^^^^When  tbej?e  are  iulroduced  into  the  reettim,  they  melt  and  the  active  prin- 
ciple is  liberated. 

Keratin  ( not  official  \  in  a  substance  obtaineil  IVoia  horns^  hoofs,  nails,  etc., 

•Whicb  is  insoluble  in  the  gastric  juices,  l»ut  is  dissolved  hy  the  alkaline  pan- 
creatic secretion.  It  is  used  to  coat  pills  which  it  is  dt^sired  to  protect  from 
di^integnition  in  the  stomach, 

Kaoliniim  (B  F,},  or  porcelain  clay,  is  used  in  the  formation  of  pills  oo»- 
taining  easily  reduced  bodies,  such  aa  silver  nitrate  or  potassium  permanga- 
nate.  Mixed  with  the  orclinary  vcgettiblo  excipients,  such  iis  confection  of 
roses,  or  extract  of  liquorice  or  gentian,  these  stilts  wouhi  be  reduced  at 
once.  Kaolin  is  ait  aluminium  silicate  and  forms  a  »oft  whitish  |>owder  In- 
soluble  in  water  or  dilute  acids. 

Sapo  (U,  S.  l\),  Sapo  Diiras  (B.  l\),  bard  soap,  white  Castile  soap,  Is  pte- 
pared  from  soda  and  olive  oil. 

Sapo  Mollis  (U.  8.  P.,  R  P.),  soft  soap,  sapo  viridi^,  a  soap  made  fVom 
potash  and  obve  oil, 

Sapo  Asimaiifl  (B  P.),  curd  soap,  soap  made  with  sodium  bydroxide  and 
a  purilled  animal  fat  consisting  chiefly  of  stearin  ;  it  contains  about  30  p<^r 
cent,  of  water 

PTheae  so.tps  are  used  in  lhet*apeulics  ai*  ingi'cdients  of  liniments  and  pla8- 
ters.     Water  containing  si>ap  is  oAen  thrown  into  the  rectum  a^  an  enema, 
and  in  infants  a  s+mpstick  inserled  into  the  anus  generally  provokes  evacua 
tioii  of  the  l>owels  in  a  few  minutes. 

Soaps  impregnated   with  auliseptics,  such  as  perch  I  o  ride  of  mercury, 
t)oli<^  aci  I,  tar,  or  iodine^  arc  often  used  to  disinfeet  the  hands. 

The  chief  preparations  in  wiiicb  sfiap  Is  useil  in  the  pharmaoopceias  are  ; 
EmplaMrum  ^ponU  (U*  S.  P.,  B,  P.),  s<iap  plaster. 
Linimen^am  Snponh  (U.  S.  P.,  B.  P,),  Boap  liniment. 
LinimenUm  Suponin  MoUin  (U.  8,  P,,  B.  I\). 
^K      The  liniments  con4st  of  alcohol  with  soap  in  suspension,  pcrAimed  with 
^■volatile  oiU,  aeid  arc  mddty  irritant  to  the  skin.     They  are  used  largely  as 
^Hbaieti  for  other  liniments. 

^P^  The  use  of  tlie  4»ils,  fats  and  gly(H»rin  as  vehicles  for  the  application  of 
remCKiies  to  the  skin  has  been  meniioninl  already  tpage  49).  They  may  also 
be  iisol  to  dissolv'i^  remedies  which  are  insoluble  in  water,  but  which  are  to 
he  given  by  the  moutfi,  su<'h  iis  phosp bonis  (in  oil), 

wax  (cera  alba,  cera  flava)  is  tised  chietly  to  increase  the  consfflteocy  of 
ointmenta  A  special  serit^s  f»f  pn^parations  mnncwhat  stifTcr  than  the  olnt- 
meriia  ar©  the  ee rates  of  the  U.  8,  P. 

Plasters  are  sticky  ndhesivc  substances  which  are  chiefly  ust^d  lo  give  me- 
cbaMicjU  support,  but  which  are  often  impregnated  with  active  remtMlii>a  in 
order  to  elteit  Iheir  local  aetion  on  the  skin.  The  basis  of  many  of  the  plas- 
tern  is  leafl  pbuster,  which  is  obtained  by  the  action  of  lead  oxide  on  oliva 
lOU  and  consists  for  the  most  (tart  of  le^id  oleate. 
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Flavoring  subtianees, 

Vo^le  oil  series,  66 
Acids  (citric),  669 
Syrups    of    Tolu,    ginger, 
etc. 
Stomach.    Digatives, 

Pepsin,  papain,  etc.,  7W 
Hydrochloric  acid,  ow 

Emetics. 

Common  salt,  490 
Mustard,  89 
Warm  water 
Apomorphine,  236 
Ipecacuanha,  343 
Tartar  emetic,  626 
Copier  sulphate,  688 
Zinc  sulphate,  691 
(Alum,  700) 
(Ammonium  carbonate, 

554) 
2b  lentn  irritation  and  vommmg. 
Opium,  207 
Chloral,  187 
Lime  water,  669 
Bismuth,  096 
Cerium  oxalate,  700 
Cold  (ice) 
Cocaine,  302 
Carbonic  acid  water,  684 
Demulcents,  45 
(Prussic  acid,  239) 
To  lessen  acidity,  antacids. 

Potassium  and  sodium  car- 
bonate and  bicarbonates, 
544 
Mafjncsia   and  magnesium 

carbonate,  544 
Lime  water  and  chalk.  569 
Lithium  carbonate,  544 
To  increase  secretion,  biUers. 
Simple  bitters,  50 
Nux    vomica    and    strych- 
nine, 190  , 
Cinchona  and  qumme,357 
(Hydrastis,  230) 
(Salicin,  413) 
Carminatives. 

Volatile    oil    carminatives, 

()1 
Alcoholic  preparations 
Carbonic  acid  waters,  584 
Carbonates    and    bicarbon- 
ates, 544 
Bitters  (seo  above) 
Camphor,  430 
Cliarcoal,  581 
Amnionium  carbonate,  544 
(Peppers,  72)' 
iNTESTTTfE.     To  promote  difiestion. 
(Pancrcatin,  710) 
(Diastase,  711) 


2b  promoU  evcumationr-fiirgaim. 
Vegetable  purgatives,  96 
Saline  cathartics,  535 
Mercurial  purgatives— ol- 
omel  and  metallic  pw^ 
arations,  638 
Sulphur,  677 
Enemata  . 

Glycerin  suppositones,  oi 
(Atropine) 
Jh  lessen  mofsmaUandrdazipm. 
Opium  and  morphine.  207 
Tannic  acid  series.  111 
Lime  water,  669 
Lead  acetete,  674 
Bismuth,  696 
Atropine  (to  relax  spsam). 

279 
(Alum,  700) 

J\t  destroy  panuiiet    aitft<f^Mfc> 

Male  fern,  1x8 
Pomegranate,  121 
Cusso,  ete.,  120 
Santonin,  122 
Calomel,  638 
Salol,  413 
(Some  volatile  oils) 
(Chloroform.  182) 
(Thymol,  naphtol.  405) 
(Quassia  enema,  56) 

JXdnfeetanis  and  antistfiiet. 

(Vegetable  and  Sslin* 
Purgatives) 

Mercurial  Purges-Calo- 
mel, 638 

Naphtol,  408 

Salol,  413 

m.  Drags  used  for  their  eifocti  a 
the  drculation. 

Hbabt.    To  strengthen  contTodiffiL 
Digitalis  group,  440 
To  acoderaU  pulse. 
Atropine,  279 
(Camphor,  430) 
(Caffeine,  246) 

2b  daw  the  pulse. 

Digitalis  group,  440 
Aconite,  332 
Veratrine.  338 
btrychnine,  196 

Vbsseub.     To  contract  raJibre  od  r«« 
hlood-prefsure, 

DigiUilis,  440 
Strvchnine.  196 
Caffeine,  245 
Camphor,  430 
Ergot,  476 
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To  relax  veaaek  and  lower  blood- 
preuure.  ' 

Nitrite  series,  468 

To    arrest    internal    hamorrhage 

{tlypties). 
Ergot,  476 
Hydrastine    and    hyrasti- 

nine,  230 
Opium   and   morphine    (to 

allay  restlessness) 

To  remove  Jhud  (dropsy^  anasarca). 
Digitalis  series,  440 
Diuretics    (see   kidney  be- 
low) 
Saline  cathartics,  535 
Diaphoretics  (see  skin,  be- 
low) 
(Vegetable  cathartics,  95) 
(Salicylic  acid,  413) 

V.  Dmgs  used  for  their  effects  on 
the  genito-urinary  system. 

To  increase  the  flow  of  urine  {diuretics). 
Caffeine  and  theobromine,  245 
Digitalis  and  squills,  440 
(Turpentine,     uva     ursi,     sco- 

parius) 
Nitrates,  531 
Acetates,  555 

Citrates,  iodides  of  the  alka- 
lies, 510 
Carbonates,  544 
Mercury — calomel      and      blue 
pill,  638 

To  render  the  urine  less  acid. 

Alkali  carbonates  and  bicarbon- 
ates,  544 
acetates,  555 
citrates,  556 

To  render  the  urine  antiseptic 
Copaiba  series,  75 
Salol  and  salicylates,  413 
Sodium  sulphocarbolate,  422 
iiorax,  582 
Urotropin,  553 

Local  antiseptics,  astringents, 
anodynes,  caustics,  etc.,  are 
used  in  the  urethra  and  blad- 
der. 

To  promote  contraction  of   the    uterus 
(ecboUcs). 
Ergot,  476 
Quinine,  357 
(Pilocarpine,  315) 
(Cottonroot-bark,  476) 
(Hydrastis,  230) 

To     promote     menstruation     {emmena- 
gogues). 
Iron,  659 

Vegetable  purgatives — aloes,  95 
(Myrrh) 


V.  Drugs  used  for  their  effects  on  the 

respiratory  system. 
To  stimulate  the  respiratory  centre. 
Atropine,  279 
Caffeine,  245 
Camphor,  430 
Strychnine,  196 
(Alcohol?) 

To  reduce  the  irritalnHhf  of  the  centre  in 
cough. 
Opium,  morphine  and  codeine, 

207 
(Heroine) 
Chloral  series,  187 
Bromides  of  the  alkalies,  504 

To    increase  and  Uqwify  the  bronchial 
secretion. 
Ipecacuanha,  343 
Tartar  emetic,  633 
Squills,  440 
Senega,  350 

Ammonium  carbonate,  555 
Iodides  of  the  alkalies,  510 
(Lobelia,  278) 

To  lessen  the  secretion  of  the  bronchi  (/)• 
Benzoic    acid,    benzoin,    Tolu 

balsam,  423 
Ammonium  chloride,  600 
Cubebs,  75 

To  relax  bronchial  spasm  (f )  in  asthma. 
Belladonna  and  atropine,  279 
Lobelia,  278 
Nitrite  series,  468 
Iodides,  510 

(Charta  potassii  ni  trails,  531) 
(Aspidosperma,  356) 

VI.  Drags  used  for  their  effects  on  the 

Central  Nervous  System. 

Stimulants. 

(a)  The  spinal  cora. 

Strychnine,  196 
(6)  The    brain  and   medulla  ob- 
longatcL. 
Atropine  (cocaine),  279 
Camphor,  430 
Caffeine,  245 

Depressants. 

(a)   To    paralyze  sensation — Oen" 
eral  ancesthetiot. 
Ether,  chloroform,  nitrous 
oxide,  154-187 
(6)   To  induce  sleep  and  rest — hyp- 
notics or  narcotics. 
Opium  and  morphine,  207 
Alcohol,  131 
Chloral  ^oup,  187 
Bromides,  504 
Hyoscine,  279 
Cannabis  indica,  233 
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To  relieve  pain — analgesicB  or  an- 
odynes. 

Opium,  207 

Cannabis,  233 

Antipyrine  series,  373 

(Alcohol,  131) 

(Chloral,  187) 

(Arsenic,  iodides,  quinine, 
nitrites  are  sometimes 
of  value  in  headache) 

Vn.  Drags  used  to  reduce  fever  tem- 
perature. 

Antipyrine      and      acetanilide 

group,  373 
Quinine,  367 
Aconite,  332 
Salicylic  acid  group,  413 
Diaphoretics  (see  below) 
(Resorcin,  guaiacol,  406) 

Vm.  Drags  used  for  their  effects  on 
the  liver. 

To  increase  the  secretion  of  bile — chola- 
goyues. 
Ox  gall,  712 
(Salicylic  acid,  413) 

IX.  Drags  used  for  their  effects  on  the 

blood. 

To  increase  the  hcrmoglobin. 

Iron,  (i5d 

Arsenic,  C07 
To  increase  the  alkalinity. 

Alkali  carbonate  group,  544 

Acetates  and  citrates,  554 

X.  Drags  used  for  specified  diseases. 

In  Malaria, 

Quinine,  357 

Arsenic,  607 
In  Syphilis, 

Mercury,  638 

Iodides,  510 
Rheumatic  Fever, 

Salicylates,  Salol,  413 
Myzcedema    and    some     other    thyroid 
diseases. 

Thyroid  extract,  715 
Gout. 

(Colchicum,  347) 

XI.  Drags  used  for  their  effects  on  the 

skin. 

Corrosives  or  causticSj  733 
Emollients  and  protectives^  733 
Locxd  anodynes  and  ancestheticSf  733 
Irritants. 

Turpentine  oil  group,  86 

Mustard,  89 

(^'antharides,  90 

CYoton  oil,  99 

Tartar  emetic,  633 


Camphor,  430 
Menthol,  430 
Iodine,  517 
Ammonia,  555 
(Aconite,  332) 
(Vera trine,  338) 

Disinfeetuni  or  irritarU  oinimenls  m 
parasitic  skin  diseases. 

Mercury  ointment,  638 

Sulphur  ointment,  577 

Tar,  410 

Ichthyol,  412 

Benzoin,  storax  and  Peru  bal- 
sam, 423 

Xaphtalin  and  naphtol,  408 

Resorcin,  406 

Thymol,  405 

Pyrogaiiol,  407 

Chrysarobin,  104 

Camphor,  430 

Boracic  acid,  582 

lodol  and  other  organic  iodine 
compounds,  521 

Organic  bismuth  preparations. 
700 

Alum  preparations,  702 

Arsenic,  iodide  of  potassium, 
etc..  may  be  used  internally 
in  skin  diseases 

Drugs  administered  internally  to  incrtase 
the  secretion  of  jxrspiraium  {dia- 
phoretics or  sudorijics). 
Ipecacuanha,  343 

and  other  nauseating  ex- 
pectorants   (antimony) 
Ipecacuanha  and  opium   (Dov- 
er's powder),  343 
Camphor,  430 
Pilocarpine,  315 

Drugs  administered  intcmaUy  to  lessen 
the  secretion  cf  perspiration. 
Atropine  and  belladonna.  279 
Agancin,  301 
Camphoric  acid,  430 
Drugs  applied  locally  and  intemaUy  to 
arrest  the  secretion  <^milL 
Atropine 

xn.  Drugs  used  locally  for  their 
effects  on  the  eye. 

AstringentSy  733 
DisinfectantSj  733 
Caustics,  733 

Anodynes  and  anasthetieSj  733 
Drugs  dilating  the  pupil  and  relaxing  the 
accommodation — mydriatics. 

Atropine  and  homatropine,  279 

Cocaine,  302 

(Gelseminine,  265) 
Drugs  contracting    the   pupU    and  the 
ciliary  musde — myotics. 

Physostigmine  or  Eserine,  324 

Pilocarpine,  315 

(Muscarine,  315) 
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The  preparations  are  not  mentioned  in  the  index  unless  when  they  are  met  with  in  the 
text  apart  rrom  the  chief  constitnent,  e.  g.,  Tinctura  Digitalis  will  be  found  under  Digitalis ; 
but  Lead  plaster  is  indexed,  because  it  occurs  aiMut  from  lead.  For  metallic  salts,  see  the 
text  under  the  metal,  e,  g,,  for  Mercury  perchloride,  see  Mercury. 


ABIES  excel8a,86 
Abrin,  84,  725 
Abrus  precatorius,  725 
Absinthe,  65,  68 

AbRorption  from  the  alimentary  tract, 
32 

lungs,  32 

rectum.  34 

skin, 33, 40 

subcutaneous   tissues,  33 

wounds,  34 
Acacia,  47 

catechu,  114 
A.  C.  E.  mixture,  180 
Aceta,  40 
Acetal,  129 
Acetaldehyde,  420 
Acetanilide,  373 
Acetate  of  ammonium,  667 
Acetates,  554 
Acetic  acid,  567 

ether,  71, 181 
Acetone-chloroform,  120 
Acetoperacid,  502 
Acetophenone,  128 
Acetylene,  128 
Acid,  acetic,  567 

agaric,  301 

angelic,   338 

arabinic,  47 

arsenic,  608 

arseniouB,  608 

benzoic,  391,423 

boracic,  582 

boric,  582 

bromacetic,  129 

butyric,  129 

cacodylic,  608 

cafTeotannic,  357   (note) 

canibogic,  105 

camphoric.  302,  430,  433,  435 

carbolic,  390,  398 

carbonic,  584 

cathaHinic,  101 

cetraric,  59 

chlorarctic.  129 

chromir,  r»94,  704 

chryrwphanic,  101,  104,  124 

cinnaniic,  391,  424,  425 

47 


Acid,  citric,  569 

cresotinic,  391, 422 
crotonoleic,  99 
digallic,  114 
ergotinic,  476, 482 
iilicic,  118 
flavaspidic,  118 
formic,  568 
gallic.  Ill,  114 
gallotannic,  114 
gymnem  ic,  306    ( note ) 
hippuric,  423 
hydriodic,  514 
hydrohromic,  508 
hydrochloric,    565 
hydrocyanic,  68, 239 
hydrofluoric,  625,  567 
hydrosulphuric,  679 
jalapinic,  105 
lactic,  568 
lupulinic,  58 
meoonic,  207 
muriatic,  565 
nitric,  565 

nitrohydrochloric,  565 
ophelic,  59 
opianic,  230 
osmic,  707 
oxalic,  568 
oxybenzoic,  422 
oxynaphtoic,  422 
pannic,  118  (note) 
phosphoric,  566 
picramic,  426 
picric,  426 
pipcrinic,  72 
polygi^l>c,351 
propionic,  127 
prussic,  48,  68,  239 
pyrogallic,  407 
quillaiac.  351 
quinic,  357.  553 
quinonic,  357  (note) 
ricinolcic,  99 
Halicylic.  391,413 
Hantoninic.  122 
solenic.  707 
sclonious,  707 
Holerotinic,  482 
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Acid,  sozoicnlolic,  523 

sozolic,  422 

sphacelinic,  476 

sulfanilic,  516 

sulphuric,  564 

sulphurous,  566 

tannic.  111 

tartaric,  668 

telluric,  707 

trichloracetic,  568 

tropic,  279 

valerianic,  74 
Acids,  37,  559 

fatty,  567 

of  the  methane  series,  129, 567 

organic,  567 
Acocanthera,  440 
Acoines,  314 
Aconine,  332,  336 

Aconite,  comparison  with  antipyretics, 
388 

digitalis,  461  . 

Aconitine,  332 
Aconitum,J52i^ 
Acorin,  70 
Action,  cumulative,  28 

relation  between  chemical  composi- 
tion and  pharmacological,  24 

remote,  local,  indirect,  general,  23 
Actol,  690 
Adeps,  50 

Lanse,  50 
Adhesive  plaster,  88, 732 
Adipis,  oleum,  51 
Adjuvants,  28 

Administration  of  drugs,  30 
Adonidin,  441 
Adonis,  440 
Adrenal  extract,  463 
Adrenalin,  463,  466 
^ther,  178 

aceticus,  181 
^theris  nitrosi,  spiritus,  474,  476 
Affinity,  elective,  of  drugs,  22 
Agaric,  301 
Agaricin,  301 
Agaricus,  301 

muscarius,  315 
Age  in  relation  to  dose,  25 
Agropyrum   repens,  47 
Agrostemma,  351 
Ague,  brass-founders',  688 
Airol,  699 

Alanin-mercury,  658 
Alapurin,  50 
Albaspidin,  118 
Alcohol,  87,  128,  131 

amvl,  146 
butyl,  127,  146 

food  value  of,  141 

mcthvl,  128 
propyl,  127,  128,  146 
Alcohol-chloroform   group,  127 
Alcoholic  neuritis  and  arsenic,  611 
preparations,  39 


Alcoholism,  chronic,  151 
Aldehyde,  129 

formic,  428 
Alkaline  earths,  see  Calcium,  Barium, 
Strontium 

carbonates,  544 

hydrates,  544 
Alkaloids,  35 
Alkasal,  702 
Allium,  68, 89 
Allspice,  68 
Almond,  239 

bitter,  68, 239 

oil,  51 

sweet,  48 
Aloe,  103 
Aloes,  100 
Aloin,  57,  101,  646 
Alsol,  702 
Altiaea,  47 
Alum,  628,  700 

ammonioferric,  669 
Alumen,  702 
Aluminium,  700 
Alumnol,  702 
Amidocamphor,  430 
Ammonia,  555 
Ammoniacum,  88 
Ammonias,  substituted,  503 
Ammoniated  mercury,  657 
Ammonium  acetate,  557 

bases,  503 

benzoatc,  424 

bromide,  508 

carbonate,  555 

chlorate,  526 

chloride,  503 

citrate,  557 

iodide,  514 

salts,  261,  500 
Amygdala   amara,  68, 239 

dulcis,  48 
Amygdalae,  oleum  expressum,  51 
Amygdalin,  48,  68,  239 
4myl  alcohol,  146 

nitrite,  468 
Amylamine,  727 
Amylene,  128 

hydrate,  128,  192, 194 
Amylquinine,  261 
Amylum,  48 
Anacardium,  94 
Anacyclus,  73 
Anaesthesia,  general,  154  ^ 

infiltration,  311 

local,  182,  311 

subarachnoid,  312 
Ansesthetics,  general,  154 

local  action  of,  181 

mixtures  of,  180 

preparations  of,  178,  181 
Anagallis,  711 
Analgcn,  374 
Anamirta,  430 
Andira  araroba,  104 
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Anemone,  04 
Aneson,  129 
Anethi  fnictus,  68 
Angostura  bark,  59 
Anhalonium,  229 
Aniline,  35,  374,  428 
Animal  extracts,  714 
Anion,  488 
Anise,  67 

oil  of,  68 
Anisol,  391,405 
Anodyne,  Hoffman's,  181 
Antacids,  551 
Antagonistic  effects,  29 
Anthelmintics,  117 
Anthemis,  67 

Anthracene  purgatives,  100 
Anthraquinone,  101 
Anthrarobin,  104 
Antiarin,  441 
Antiaris,  440 
Antidote,  the  arsenic,  671 
Antifebrine,  374 
Antihydrotics,  302 
Antimoniuretted  hydrogen,  637 
Antimony,  48,  625,  633 
Antinosin,  523 
Antipyretics,  373 
Antipyrine,  373 
Antiricin,  724 
Antiseptics,  393 
Antithermine,  374 
Antivenin,  726 
Antozon,  590 
Apalache  tea,  246 
Aperients,  95 
Apocodeine,  237 
Apocynin,  441 
Apocynum,  440 
Apolysine,  375 
Apomorphine,  235 
Apple  seeds,  239 
Aqua   regia,  566 

Tofana,  607 
Aquse,  38 

of  volatile  oils,  70 

rosffi,  ung-uentum,  50 
Aqueous  preparations,  38 
Arabin,  47 
Araroba,  104 
Arbutin,  77 

Arctostaphylos  uva  ursi,  77 
Argentamine,  695 
Argenti  cyanidum,  244 
Argentic  preparations,  694 
Argonin,  696 
Argyria,  693 
Aricine,  357  (note) 
Aristol,  523 
Aristolochia,  57,  59 
Aristolochine,  57 
Amioracia,  73,  89 
Amoraciffi,  Spir.  Co.,  69 
Arnica,  67,68 
Amicin,  70 


Aromatic  bitters,  70 

elixir,  69 

fluid  extract,  powder,  71 

series,  390 

spirit,  70 
Arsenate,  iron,  671 
Arsenic,  607 

antidote,  671 

iodide,  620 

sulphide,  620 
Arseniuretted  hydrogen,  620 
Arsenous  acid,  608 
Arsine,  620 
Artemisia,  122 
Asafcetida,  74 
Asagrsea,  338 
Aseptol,  422 
Ash,  flowering,  54 
Asiatic  pill,  620 
Aspidin,  118 
Aspidinol,  118 

Aspidosamine,  356 
Aspidosperma,  356 
Aspirin,  391,419 
Asseline,  727 
Astragalus,  47 
Astringents,  metallic^  628 

vegetable.  111 
Atropa,  280 
Atropamine,  280 
Atropine,  235,  279,  296, 330, 351 
Atroscine,  280 
Attar  of  roses,  68 
Aurantii  cortex,  68 

vinum,  147 
Auri  chloridum,  703 
Azulene,  62 

B^L  fruit,  60 
Balm,  67 
Balsam,  37,  391,424 

Canada,  86 

copaiba,  76 

gurjun,  77 

of  Peru,  424 

traumatic,  424 

of  Tolu,  424 
Balsamodendron,  89 
Barbadoes  nuts,  99  (note) 
Barbaloin,  101 
Barium,  440,  576 
Barley,  48 
Barosma,  78 
Basham's  mixture,  672 
Baths,  495 

iron  and  steel,  666 
Bay,  oil  of,  68 
Bay  rum,    69 
Bearberry,  77 
Beaver,  436 
Bebeerine,  50 
Beheeru  bark,   59 
Bebirine,  59 
Beers,  147 
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BeHadonna,  280, 295 

plaster,  732 
Belladoimiiie,280 
BelUtropine,  280 
Bengal  <}uiiicey60 
Benne,  oil  of,  51 
Benzaoonine,  332, 336 
Benzanilide,  374 
Benzene,  390, 427 
Benzoatea,  423 
Benzoic  acid,  391,  423 
Benzoin,  424 

flowers  of,  424 
Benzoinated  lard,  50 
Benzol,  390, 427 
Benzoperacid,  502 

Benzoylecgonine,  302, 310 
Benzoylperoxide,  592 
Berberine,  56,  58, 59, 230 

Bergamot,   oil  of,  68 

Beryllium,  499    (note),  701 

Beta-eucaine,  313 

Betol,391,417 

Betuls,  ol.  vol.,  68,  418 

Bhang,  233 

Biberine.  59 

Bicarbonates,  544 

Bichromate,  704 

Bile,  98.  712 

Birch,  oil  of,  68,  391,  418 

Bismuth,  628,  606 

Bitter  almonds,  oil  of,  68, 239 

Bitters,  37,  56 
aromatic,  70 

Bittersweet,  351,  355 

Blackberry,  115 

Black  draught,  103 
drop,  220 
wash,  657 

Blaud's   pills,  670 

Blazing  star,  351 

Bleaching  powder,  587 

Blister,  flying,  92,  732 

Blistering  collodion,  92 

Blood,  therapeutic  use  of,  673 

Bloodroot,  228 

Blue  mass,  ointment,  656 
pill,  656 

Blumea,  430 

Boletus  laricis,  301 

Bone  black,  581 

marrow,  extract   of,  723 

Bones,  burned,  576 

Boracic  acid,  582 

Boral,  702 

Borax,  582 

Boric  acid,  582 

Borneo-camphor,  74,  430 

Borneol,430,433,434 

Bornylamine,  430 

Boroijlycerin,  583 

Boufries,  31 

Brandy,  72.  146 

Brassfoimdors'  ague,  688 

Brassica,  90 


Brmyerm,  120 
Bromacetic  acid,  129 
Bioiiial,193 

Bromated  camphor,  435 
Bromates,  529 
BTomelin,  711 
Biomides,  504 
Bromine,  586 
Bromiam,504 
Bromoform,  130, 180 
Bromol,  402 

Bromum,  587 

Broom,  tops  of,  267 

Brown  mixture,  48, 220 

Brown-Sequard's  fluid,  723 

Brucine,  196, 204 

Bryony,  105, 107 

Buchheim's  classification,  42 

Buchu,  78 

Buckthorn,  103 

Bufonin,440  (note) 

Bufotulin,  440  (note) 

Bunge's  theory  of  iron,  662 

Burgundy  pitch,  86 
plaster,  732 

Burnett's  solution,  691 

Butternut,  108 

Buttonbush,  427   (note) 

Butyl  alcohol,  128 

chloral,  129, 102, 194 

Butylamine,  727 

Butyrates,  554 

Butyric  acid,  129 

Buxine,  56,  59 

CACAO,  245 
butter,  31, 40, 255,  731 
Cachets,  41 

Cacodylates,  622  (note) 
C^codylic  acid,  608 
Cactaces,  229 

Cactus  grandiflorus, 440  (note) 
Cade,  oil  of,  410 
Cadmium,  706 
Caesium,  499 
Caffeine,  245 

compared      with       atropine 
strychnine,  282 
Cajuput,  oil  of,  68,406 
Calabar  bean,  196,  324,  328 
Calabarine,  196,  204, 324 
Calamus,  70 
Calcis,  liquor,  574 
Calcium,  569 

bromide,  508, 576 

carbonate,  575 

chloride,  574 

glycerophosphate,  576 

hydrate,  574 

hypochlorite,  587 

hypophosphite,  534 

lactophosphate,  576 

peroxide,  693 

phosphate,  576 

sulphate,  576, 732 
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Calcium  sulphide,  570 

Calefaciens,  emplastrum,  732 

Cali  nut,  324 

Calomel,  655 

Calumba,  58 

Calumbin,  56,  57 

Calx,  574 

chlorata,  587 

sulphurata,  579 
Cambogia,  107 
Camphor,  430 

com.  tincture,  221 

monobromated,  430,  508 
Camphoric  acid,  302,  430,  433,  435 
Camphorol,  430, 433 
Canada  balsam,  86 
Canadian  hemp,  440,  457 

moonseed,  59 
Canadine,  56, 230,  231 
Cane  sugar,  54 
Cannabin,  235 
Cannabinol,  233 
Cannabis  Indica,  233 
Canquoin's  paste,  690 
Cantnaridin,  90 
Cantharis,  91 
Caoutchou?r732 
Caprylates,  554 
Capsicum,  72,  94 
Capsules,  31,41 
Capsule,  suprarenal,  463 
Caraway,  G8 
Carbo,  581 

Carbolic  acid,  390,  398 
Carbon,  581 
Carbonates,  544 
Carbonic  acid,  584 
Carbylamine,  240 
Cardamom,  68 
Cardol,  94 
Carica,  711 
Carlsbad  salte,  541 
Carminatives,  63,  72,  74 
Camiferrin,  673 
Carolina  Jasmine,  265 
Carragheen,  48 
Carron  oil,  575 
Carum,  68 
Caryophyllum,  68 
Caryophyllus,  68 
Casca  bark, 440 
Cascara  sagrada,  104 
Cascaril]a,70 
Cassia  acutifolia,  lOf^ 

angustifolia,  102 

fistula.  54 

purging,  54 
Cassise  pulpa,  54 
Casta  nca,  115 
Castile  soap,  731 
Castoreum,  436 
Castor  oil,  99, 724 
Catalase,  592 

Cataplasma,41    (See  Poultices) 
Catechu,  114 


Cathartics,  95 

saline,  535 
Cathartin,  101 
Caulophyllum,  355 
Caustic,  lunar,  694 

mitigated,  694 

potash,  549 

soda,  549 

toughened,  694 
Cayenne  pepper,  72 
Celandine,  228 
Cephsline,  343 
Cephailis,  343 
Cephalanthin,  427  (note) 
Cera,  51,  731 
Cerates,  30, 40,  731 
Ceratum,  51 

camphorse,  87 
Cerberin,  441 
Cereus,  440   (note) 
Cerium,  700 
Cetaceum,  51 
Cetraria,  48 
Cetraric  acid,  48,  59 
Cetrarin,  57 
Cevadilla,  338 
Cevadilline,  338 
Cevadine,  338 
Cevine,  338 
Chalk,  575 

Chalybeate  preparations,  669 
Chamselirium,  351 
Chamomile,  67 
Champagne,  147, 584 
Charas,  233 
Charcoal,  581 
Charta,41 
Chaulmoogra,  94 
Chavicine,  72 
Chavicinic  acid,  72 
Cheiranthin,  441 
Cheiranthus,  441 
Chelerythrin,  228 
Chelidonine,  228 
Chelidonium,  228 

Chemical  composition  and  action,  24 
Chenopodium,  126 
Cherry,  Virginian,  68,  240,  244 
Cherry  water,  72, 147 
Chestnut,  115 
Children,  dose  for,  25 
Chili  saltpeter,  532 
Chillies,  73 
Chimaphila,  78 
Chinotropine,  553 
Chirata,  59 
Chiretta,  59 
Chloracetic  acid,  129 
Chloral,  129,  187,  193 

compared  with  hyoscine,  300 
Chloralamide,  129, 192,  194 
Chloralose,  129, 193, 194 
Chlorates,  526 
Chloretone,  129, 193, 194 
Chlori  aqua,  587 
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Chlorides,  490 
Chlorinated  lime,  687 

soda, 587 
Chlorine,  686 
Chlorodyne,  181, 222 
Chloroform,  71, 118, 129, 154, 178, 181 
Chlorphenol,  392,  402 
Chlorum,  687 
Chocolate,  245, 255 
Cholagogues,  95,  714 
Choncmxlendron,  59 
Chondrus,  48 
Christmas  rose,  440 
Chromic  acid,  594,  704 
Chromium,  704 
Chromothcrapeutics,  428 
Chrysarobin,  104 
Chrysophanic  acid,  101, 104 
Chrysotoxin,  477 
ChurniH,  233 
Cicuta,  43(5 
Cicutoxin,  430 
Cinchona,  357 

red, 357    (note) 
Cinclionamine,  357  (note) 
Cinchonidinc,  357 
Cinchonine,  357 
Cineol,  122 
Cinnamic  acid,  301 
Cinnamonuim   camphora,  430 
Cinnamon,  08 
Cinnaniyl-cocaino,  302 
Citrates,  535.  539 
Citric  arid,  501) 
Citrine  ointment, 058 
Citrophen,  375 
Citrullus  colocynthis,  106 
Clarets,  147 

ClaHHification  of  drufirs,  41 
Chiviceps  purpurea,  476 
Cloves,  08 
CIysma,41 
Clv8ter,41 
Coal-tar,  410 
Cobalt,  700 
Coca,  302, 310 
Cotaine,  302,  309, 427 
Coeainization,  intra-spinal,  312 

subarachnoid,  312 
Cocainine,  302,  300 
(^orouF,  55 
Cochineal,  55 
Cochlcaria,  73,89 
( 'ocoa,  245 
Codamine,  207 
C\)(lcine,  207,217,221 
Cod-liver  oil,  72(i 
CofTce.  245,  25 1 
Coircnn,  2r>4 
(^ilHio^h,  blue, '.]'}') 
Cohi,245 
Colcliicum,  347 
Col(I,StJ 

bath,3H7 

cream,  50,  70 


Cold  pack,  322 
Coleoptera,  91 
Colic,  painter's,  677 
Colica  Pictonum,  677 

satumina,  677 
Collodia,  30, 40,  732 
Colloid  substances,  45 

as  demulcents,  45 
as  purgatives,  54 
relations  of  to  salts,  487 
Collodium,  30,  40,  732 

stypticum,  114,  732 

vesicans,  92,  732 
Colloxylin,  732 
C'olocynth,  105 
Cologne,  eau  de,  69 
Colophony,  88 
Columbo,  58 
Commiphora,  89 
Common  salt,  490 
Compresses,  hot  water,  86 
Concusconine,  357  (note) 
Condurango,  57,  59 
Condy's  fluid,  594 
Confectiones,  40 
Conhydrine.  262 
Coniine,261.330 
Conium,  262 

Conjunctiva,  applications  to,  31 
Conquairamidine,  357   (note) 
Conquairamine,  357   (note) 
Conquinamine,  357  (note) 
Conquinine,  357,  366 
Convallamarin,  441 
Convallaria,  440 
Convohiilin,  105 
Convolvulus,  107 
Copaiba,  75 
Copaiva,  75 
Copper,  327,  628,  684 

arsenite,  607 
Coral,  576 
Coralline,  576 
Coriamyrtin,  436 
Coriander,  67 
Coriariaj  436 
Corncockle,  351 
Comsilk,  78 
Comsmut,  483 
Comutine,  476, 482 
Coronilla,  440 
Coronillin,  441 
Corrosive  sublimate,  054 
Cotarninc,  230.  23J 
Coto  bark,  58,  59 
Cotoin,  58,  59 
Cottonroot  bark,  483 
Cottonseed  oil,  51 
Couchprass,  47 
Counter-irritation,  78 
C:Ourt  plaster.  732 
Craneabill,  115 
Crede's  colloid  silver,  696 
Creolin.  405 
Creo9ol9,391,412 
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Creosote,  392, 411 
Gresalo],391,417 
Cre8o1,391,404 
Cresotinic  acid,  391 
Creta,  575 

pulv.  cum  opio,  221 
Crocus,  55 
Crotin,  726 

Croton-chloral,  129, 192 
Croton  oil,  99 
Crotonoleic  acid,  99 
Croton  Tiglium,  100,  726 
Cruciferjp,  oils  of,  61,  72,  89 
Cryptopine,  207, 219 
Cubebin,  76 
Cubebs,  76 

Cucumber,  squirting,  107 
Cucurbita,  122 
Culver's  Root,  107 
Cumarin,  524 
Cumulative  effects,  28 
Cupratin,  687 
Cuprea,  357 
Cupric  sulphate,  687 
Cuprohcpmol,  686 
Curacoa,  72 
Curara,  256,  330 
Curarine,  250 
Curd  soap,  73 1 
Curine,  266,  260 
Currier's  sumach,  436 
Cuscamidine,  367  (note) 
Cuscamine,  357  (note) 
Cusconidine,  357   (note) 
Cusconine,  357  (note) 
Cusparia,  69 
Cusso,  120 
Cutol,  702 
Cuttlefish,  676 
Cyanides,  240 
Cyanogen,  240 
Cyclamen,  351 
Cynoctonine,  336 
Cypripedium,  68 
Cytisus  scoparius,  266 

DANDELION,  59 
Daphne  mezereum,  94 
Datura,  281,  295 
Daturine,  280 
Dead   tongue,  436 
Decocta,  39 
Decoctions,  39 
Degeneration,  fatty,  596 
Delirium  tremens,  151 
Delphinium,  332 
Demulcents,  45 
Depression,  depressants,  20 
Derivation,  theory  of,  79 
Dermatol,  699 
Dermol,  700 
Desoxycaffeine,  254 
Dextrin  8, 45 
Diacetylperoxide,  592 
Diachylon  ointment,  50 


Diachylon  plaster,  682,  732 
Diastase,  711 
Didymium,  499  (note) 
Diffusion,  485 
Digestive  ferments,  709 
Digitalein,  441 
Digitalin,  441 
Digital  ines,  456 
Digitaliresin,  436 
Digitalis,  351, 436, 440 

comparison  with  aconite,  337 

with  antipyretics,  388 
Digitonin,  361, 441 
Digitophyllin,  441 
Digitoxin,  441 
Dihydrolutidine,  727 
Dill,  68 
Dionea,  711 
Dionine,  218 
Diosphenol,  78 
Dioxide  of  hydrogen,  691 
Dipterocarpus  alatus,  77 
Discs,  40 

Disease,  effect  of,  on  dose,  29 
Disinfectants,  393 
Dissociation  of  salts,  488 
Diter penes,  61 
Diuretin,  252 
Dock, 115 

Dogwood,  427  (note) 
Donovan's  solution,  620,  665 
Dorcma  ammoniacum,  88 
Dormiol,  192 

Dose,  conditions  modifying  the,  26 
Dover's  powder,  220, 346 
Drastics,  95 
Dropwort,  water,  436 
Drosera,  711 
Drugs,  17 

action  of,  20 

chemical  character  of,  34 

classification  of,  41 

conditions  modifying  the  effect  of, 
25 

definition  of,  17 

elective  affinity  of ,  22 
Dryobalanops,  430,  434 
Dryopteris  filix-mas,  119 
Duboisia  Hopwoodii,  280 

myoporoides,  280, 281 
Duboisine,  280,  294 
Dulcamara,  351,  355 
Dulcamarine,  351 
Dulcin,  65 

Dusting  powders,  63 
Dyes,  aniline,  428 

F^ASTON'S  syrup,  367 
J    Kau  de  cologne,  69, 146 
Ecballium,  107 
Eccoprotic,  95 
Ecgonine,  302,  310 
Effects   of  drugs,  conditions  affecting, 

25 
Effervescing  purgatives,  541 
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Egg,  yolk  of,  49 

Eigon,  520 

Elastica,  732 

Elaterin,  105 

Elaterium,  106, 107 

Elderflower,  67 

Elecampane,  49 

Elective  affinity  of  drugs,  22 

Electuaries,  40 

Elemi,  89 

Elixirs,  39 

aromatic,  69 
Elm,  slippery,  47 
Elceoptene,  61 
Embrocations,  40 
Emetics,  238 
Emetine,  343 
Emodin,  101 
Emollients,  49 
Emplastra,  30,  41, 731 
Emplustrum  calefaciens,  92,  732 
Emulsa,  39 
Emulsin,  48, 68, 230 
Emulsions,  32,  39 
Endermic,  33 
Enema,  31,  41 
Epinephrine,  440, 463 
Epsom  salts,  535 
Erbium,  499  (note) 
Ergochrysin,  477 
Ergot,  476 
Ergotin,  482 
Ericolin,  77 
Erigeron,  oil  of,  68 
Errhines,  31 

Erythrol,  tetranitrate,  469, 474 
Erythrophoeine,  441 
ErytbrophlcBum,  440 
Erythroxylon,310 
Eseridine,  324 
Eserine,  324 
Essences,  71 

of  volatile  oils,  69 
Essential  oils,  61 
Esters,  129 
Ether,71,129, 164, 178 

acetic,  71,  181 

nitric,  468 

nitrous,  468 
Ethereal  oils,  61,  86,  392 

salts,  129 
Ethyl  alcohol,  128 

biomide,  130, 179 

chloride,  182 

ether,  129 

nitrite,  65,  474 

oxide,  178 
Ethylene  bromide,  180 

chloride,  129, 179 
Ethylidcne   chloride,  129,  179 
Eucaine,  313 
Eucalypti   gummi,  115 
EucalyptoK  71,400 
Eucalvptus,  67,  68 

oil  of,  68,  406 


Eudoxine,  523,  700 
Euonymin,  105,  441 
Euonymus,  105, 107,  441 
Euphorbin,  94 
Euphorin,  376 
Euquinine,  368 
Europhen,  623 
Eurotium  oryzs,  712 
Exalgine,  374 
Extracts,  40 

animal,  714 

fluid,  liquid,  39 
Extractum  aromaticum  fluidumy  7 1 

FABIANA,  78 
Fats,  49 
Fatty  d^eneration,  596 
Fel  Bovis,714 
Fennel,  68 

Ferments,  digestive,  709 
Ferratin,  673 
Ferric  preparations,  669 

salts   (See  Iron) 
Ferrocyanides,  240,  536 
Ferrous  preparations,  669 
Ferruginous  preparations,  670 
Ferula,  74 

galbanum,  88 
Ficus,  55 
Figj3,56,711 
Filicic  acid,  118 
Filix  mas,  118 
Flag,  blue,  107 
Flavaspidic  acid,  118 
Flavoring  substances,  54 
Fleabane,  68 
Flexible  collodion,  732 
Flowering  ash,  54 
Flowers  of  sulphur,  50 
Fluorides,  525 
Flying  blister,  92 
Foeniculum,  68 
Formaldehyde,  394, 428, 533 
Formaline,  428 
Formates,  554 
Formic  acid,  668 
Fowler's  solution,  620 
Foxglove,  440 
Frangula,  100, 103 
Frangulin,  101 
Frankincense,  86 
Fraxinus,  54 
Friar's  balsam,  424 
Fruit  juices,  563 
Frumenti,  spiritus,  146 
Fuller's  earth,  53 
Fumigation,  mercurial,  662 
Fusel  oil,  146 

pADUS,  726 

It     Galbanum,  73, 88 

Galipine,  69 

Galla,  116 

Gallacetophenone,  408 

Gallse,  ung.  cum  opio,  222 
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Oallal,  702 

Gallk  acid.  111,114 

G&inboge,  107 

G^nja,  233 

Gareini&,  107 

Oargarisma.,  31 

Gargle,  31 

Garlic,  OS,  89 

Gas,  kughiDg,  183 

Gaultheriip,  oleum,  68,  418 

Gelatin,  574  (note) 

capsule,  41 
Gelsemine,  196,  204,  265 
GeUemiinn,  201,  265 
General  ncftion,  23,  31 

anu■stheti(^il,  154 
Qenito- urinary'   disinfectants,  oils  used 

as,  75 
Gentian.  j8 
Geranium^  15 
Gigartina,  48 
Gila  monster,  725 
Gin,  72,  146 
Ginger,  68,  72 
Gland  extracts,  715 
Glauber's  salt,  535 
Glonoinum,  474 
Glucose,  54 
Olucosi,  syrupiia^  54 
GlucoHidet*,  36 
Gluaidum,  55 
Glutol,  430 
Glycerin,  Ht^ 
Glycerin  trinitrate,  468 
Ctlyt^rites,  40 
Glyceritum  amyl,  51 

vitelli,51 
Glycerophosphatea,  543,  576 
GlycoL  127 
Glyconin,  51 
Olyc^Bides,  36 
Glycyrrhi^a,  4S 

com  pound   mixture,  220 
Glyt^rrhizin,  48 
Gnoecopine,  207 
Goa  powder,  104 
Gold,  703 
Golden  fiea  1,2^30 
GoiiolobugL,  59 
Go  rite,  593 
Goasypii,  radieia  cortex,  483 

semitiis,  ol.,  51 
Goulard's  extract,  cerate,  lotion,  682 
Granatum,  121 
Orap<i  cure,  663 
Gray  oil,  657 

powder,  (556 
Greens,  Scheele's,  Schweinfurt's,  Paris. 

607 
Gregory's  powder,  102 
Grey  oil,  657 

powder,  656 
Griffith's  mixture,  670 
Guaiacol,  391,412 

carbonate,  391,412 


Guaiacol  salol,  417 
Guaiacum,  88 
Guanine,  254 
Guarana,  245 
Gum,  37,  45 

unibif,  47 
Gum-resins,  37 
Gun  cotton,  732 
Gurjun  balsam,  77 
Gymnema  si!  vest  re,  306  (note) 
Gyrnnemii.-  m- id,  306  (note) 
GyncK'ardm,  D4 
Gyp5*opbilrt,  3& 
GyjiHUm.oTO,  732 

H^MATOGEN,  673 
Hsmatoxylon,  115 
Hii^mogallol,  673 
Hspniciglobin,  673 
H^niol,  G73 
Hagenia,  12Q 
Hamamelis,  115 
iiartmck'8  experiment,  327 
Hartshorn,  spirit  of,  556 
Hai^hish,  233 
Heat,  86 
Heavy  met  aU,  625 

Hedonal,  129,  192,  194 
1 1 L  t  k' !  wj  rt%  g  [  t^i*i  1 ,  white,  338 
Helloborein,  441 
Helleborua  niger,  440 
Heloderma,  725 
ilemide^mus,  355 
Hemloekp  202 

water  430 
Hemp,  CanadiiiD,  440,  457 

Indian,  233 
Hcnbsine,  281 
Hcpar  sulphuris,  579 
Heroine.  217 
Heft|M*ridin,  TO 
Hetercixatjthine,  246 
Hexylamine,  727 
Hock,  147 

Hofmann's  anodyne,  181 
Holocaine,  314,  389 
Homatropine,  280,  294,  296 
HoTiiocofuttilni*,  302 
Hoinoclielidon  iTie^  228 
HomocinehoTiidine,  357  (note) 
Homoisococaminei  303 
Honey,  39,  54 
Hupi(.  r>H 
Hordenm,  48 
Horehound,  07 
Hors<>r3iilish.  Of),  73,  89 
Hot  compresses,  86 

packs,  322 
Humulus,  59 
HutijudiJanotB,  541 
Hydragtjgiiesf,  95 
HydrHrg)Tum,  054 
Hydriiatiiic,  230, 231 
Hydraatinine,  230. 231 
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Hydrusti^,  230 

Hy«i  rat e?^,  544 

liytlriudit?  acid,  514 

Hydrobromic  acid,  308 

Uydroclilork'  ueid.  565 

I  { yd  roc  i  nc  ham  nc ,  35  7  ( note ) 

Uydrocotamine,  207,  218 

HydrcK'yiinic   a  fid,  239 

1 1yd  r  otl  uo  ri  e  «  ci  d ,  525 ,  50  7 

Hydrogen,  antimoniuretted,  637 

a r?ieuiu retted,  ti20 

dioxide,  591 

ion,  550 

peroxide,  591 

pho^phu  netted,  905 

sulphuretted,  5TB 
Hydroquinidine,  357  (note) 
Uy  d rcM| tun i  ne,  357  ( note ) 
Hydniquinone,  77,  3ftO 
Hydrortiilphuric  acid,  579 
Hygrine, 303  (note) 
llyoHeine,  279,  293 
llyosi?yamine,  235,  279,  292,  296 
HyoflcyamUii,281,2fl5 
Hypertonic  aolution^t  ^^^ 
Hypnfll,  1513,374 
Hypnane,  129.  193 
Hypnotics,  187 
Hyp<Jc  Mori  tea,  5S7 
1  Ey pHie  rni  i  c  in j^ct  ion^  33 
Hy|>up1ioaphit^B,  534 
Hypopliysii^,  extract  of,  722 
Hypoquebraehine,  350 
HypoHidphileM^  534 
Hypotonic  eoluition,  496 

ICELAND  moas,  48,  59 
Ichthvocolla,  732 
ichthyol/302,  412 
Idiosyncrasiea,  27 
Ignatia,  204 
Ilex,  Faragtmy,  245 
nijciiim.cm 
Immunity.  2g,  725 
Indian  corn, 7H 

bemp,  233,235 

tobiirco,  27S 
ludia-rubber,  732 
IndirtH:*t  net  ion,  23 
iTinhration  anip«thp«ia, 311 

fatty,  596 
Infundibular  body,  722 
Infusa,  39 
Infu<*inn>i,  30 
Ingluvin,  711 
Injection,  hypodermic,  33 

»ulK*uLaneout!i,  33 
Insect  poiaona,  725 
Internal  eeijretlons,  714 
Intfi^linp  absorption  from,  32 
Intraspinal  corainization,  312 
Intravenous  injection,  34 
Inula.  40 
Inunction,  33,  C50,  657 


lodalbumin,  720 

lodates,  529    . 

Iodides,  510 

Iodine,  517,  719 

lodipin,  520 

lodism,  510,  518 

Iodoform,  521 

lodol,  523 

lodolen,  520 

lodospongin,  720 

lodothyrin,  715 

lodum,  519 

Ions,  488 

Ipecacuanha,  343 

Ipecaruiiidiii'  pulWs  CO.,  221 

cum  scilia,  pil.,  221 
Ipomcea,  107 
Iris,  107 
Irish  moss,  48 
Iron,  628,  659 

arsenate,  621 

hypophoaphitc,  534 
hritation,  IrritmUs,  20 
Irritants,  skin,  78 
Isinglass,  732 

Isoamvl  alcohol,  tertiary,  128 
l^nhiJtVl   nkritc,472 
i>iM  iiiNUinne,  li02 
l^olii-lhiMiiin  48 
l^rnjil  riles.  1^40 
iso|)Flletierine,  121 
lao pilocarpine.  315 
Isoquinoltne,  35,  264 
Isotonic  Bolutio&i,  480 
Itrol,  696 
Ivy,  poison,  93 

JABORANDI,  315,  321 
Jaborine,  315  (note) 
Jalapa,  107 
Jalapin,  105 
J.imcs'  powder,  637 
Japaconiline,  332 

Jstrtmine,  yellow  or  Carolina,  265 
Jateorhiza.  58 
Jfltropba,99  (note) 
Javelie'ft  solution  ^  687 
Jecof i^  a^lli,  oleum,  728 
Jequirity,  725 
Jenine,  33S 
Jesuit's  drops,  424 
Juglans,  108 
Juices,  40 
Juniper,  em pYTCiimattc  oil  of,  410 

oil,  68 

sabina,  87 

tar  oil,  410 

KAIRINE,  374 
Kairoline,  374 
Kali  nut,  324 
Kamala,  122 
Kaolin,  53, 731 
Kation.  488 
Kava-kava,  73 
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Keratin,  731 
Kermes  inineral;637 
Ketones,  129 
Kino,  115 

pulvis  comp.,  221 
Kirschwasser,  72 
Kola,  245 
Kombe,  440 
Kosin,  120 
Kosotoxin,  120 
Kousso,  120 
Krameria,  1 14 
Kresamine,  405 
Kryofine,  375 
Kummel,  72 

LABARRAQUE'S  solution,  687 
Lactates,  554 
Lactation,  medication  during,  26 
Lactic  acid,  568 
Lactophenine,  375 
Lactophosphate,  576 
Lactose,  54 
Lactuca,  235 
Lactucariuni,  235 
Lady's  slipper,  68 
Lamellse,  40 
Lanichol,  50 
Lanolin,  50 

Lanthanum,  409   (note) 
Lanthopine,  207 
Lappaconitine,  336 
Lard,  50 

oil  of,  51 
Largin,  696 

Larynx,  application  to,  31 
Laudanine,  207,  219 
Laudanosine,  207 
Laudanum,  220 
Laughing  gas,  183 
Laurel,  68,  240 

camphor,  434 

leaves,  68, 240 

water,  70 
Laurocerasi  folia,  68,  70 
Laurocerasus,  240 
Lavender,  oil  of,  68 
Laxative,  95 
Lead,  628,  674 

iodide,  514 

palsy  and  arsenic,  611 

plaster,  732 
Lemon,  68 

essential  salts  of,  569 

juice,  569 

oil  of,  68 
Leptandra,  107 
Leptandrin,  105 
Lettuce,  235 
Levico  water,  621 
Lichenin,  48 
Lily  of  the  valley,  440 
Lime,  569,  574 

chlorinated,  587 

hypophosphite,  534 


Lime  juice,  569 

phosphate,  carbonate,  53 

sulphurated,   579 
Limonis  cortex,  68 
Liniments,  40 
Linimentum  camphoras,  87 

chloroformi,  87 

saponis,  87 
Lini  oleum,  51 
Linseed,  47 

oil,  51 
Linum,  47 
Lipanin,  728 
Liqueurs,  67,  71 
Liquidambar,  424 
Liquid  extracts,  39 
Liquor  epispasticus,  92 
Liquores,  39 
Liquorice,  48 
Litharge,  682 
Lithium,  499 

benzoate,  424 

bicarbonate,  544 

bromide,  508 

carbonate,  544 

citrate,  540,  541 

hydrate,  544 

salicylate,  418 
Liver  of  sulphur,  579 
Lizard,  poisonous,  725 
Lobelia,  278 
Lobeline,  278 
Local  action,  23 

aniesthesia,  182,  311 
Logwood,  115 
Loretin,  523 
Ix)sophan,  523 
Lotions,  39,  657 
Lozenges,  31,40 
Lugol's  solution,  519 
Lunar    caustics,  694 
Lungs,  absorption  from,  32 

administration  by,  30 
Lupulin,  59 
Lupulinic  acid,  58 
Lupulus,  59 
Lycaconitine,  337 
Lycetol,  553 
Lycopodium,  53 
Lysidine,  553 
Lysol,  405 
Lytta,  91 

MACE,  68 
Magiflterium  bismuthi,  6 
Magnesia,  540,  550 

fluid,  540 
Magnesium,  539 

carbonate,  535,  550 

chloride,  535 

citrate,  535,  541 

oxide,  535 

salts,  539 

sulphate,  535 
Maize,  78 
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Maize,  fungus  of,  483 
Malakine,  375, 417 
Malates,  535 
Male  fern,  118 
Mallotus,  122 
Malonates,  558 
Malt  enzyme,  711 

extract,  711 
Ma1tine,711 
Maltzyme,  711 
Mandragora,  281,  295 
Mandragorine,  280 
Mandrake,  280, 281, 295 
Manganese,  628,  703,  705 
Mangani  dioxiduni,  705 
Manicheel  tree,  94 
Manna,  54 

Mannitol  hexanitrate,  469 
Marnibium,  67 
Marshmallow,  47 
Massa,  40 
Mastiche,  103 
Mat4,  245 

Materia  medica,  definition  of,  19 
Matico,  77 
Matricaria,  67 
Maydis,  ustilago,  483 
Meals,  Influence  of,  on  dose,  26 
Meconic  acid,  207 
Meconidine,  207 
Me<licated  waters,  38 
Medication,  local,  30 
Mel,  54 
Melissa,  67 
Mellita,  39 
Menispermum,  56,  59 

cocculus,  436 
Menstruation,  26 
Mentha,  67 
Menthane,  430 
Menthol,  71,  430,  434,  732 
Mercurial  ism,  641 
Mercury,  625-632,  638 

iodide,  514,  655 

sozoiodolatc,  523,  658 
Metacreaol,  404 
^fetals,  heavy,  62.'» 

minor,  703 
Metaphosphatos.  530 
Mcthacetino,  375 
Methyl  alcohol,  128 

-arbutin,  77 

bromide,  180 

chloride,  182 

coniino.  202 

hydroquinone,  77 

morphine,  218 

salicylate,  301,417,418 

atrv'chnine,  201 
Methylal,  120 
Methylene  bichloride,  179 
Moycr-Overton   theory  of  narcosis. 

128,167 
Mezoal  buttons,  229 
Mezcaline,  229 


20, 


Mezereum,  94 
Milk  of  lime,  575 

sugar  of,  54 

of  sulphur,  580 
Mindererus,  spirit  of,  557 
Mineral  waters,  579,  588,  673 
alkaline,  552 
iron,  671 
Mint,  essence  of,  72 
Mistune,  39 
Mithridatism,  27 
Mitigated  caustic,  694 
Mixture,  39 

brown,  48 
Molasses,  54 
Molybdenum,  706 
Monkshood,   337 

Monobromated  camphor,  430,  434,  508 
Monochlorphenol,  391, 402 
Monsel's  solution,  669 
Moonseed,  Canadian,  59 
Morphine,  207, 219 

comparison  with  antipyrine,  388 

poisoning,  atropine  in,  209 
Morphinism,  226 
Morpholine,  207 
Morrhus,   oleum,  728 
Morrhuine,  727 
Morrhuol,  728 
Moschus,  435 

Mouth,  administration  by,  30,  31 
Muawine,  442 
Mucilages,  39, 47 
Mucuna,  324 
Muriatic  acid,  565 
Muscale  buttons,  220 
Muscarine,  315,330 
Mushrooms,  315 
Musk,  74,  435 
Mustard.  72, 89 
Myoctonine,  337 
Myrcise  oleum,  68 
Myriapoda,  239 
Myristica,  68 
Myronate,  89 
Myrosin,  89 
Myroxylon,  424 
Myrrha,  89,  103 

NAPHTHALAN,  392 
Naphthalene,  390, 408 
Naphtalol,417 
Naphtol,  118,390,408 
Naphthylamine.  426 
Narceine,207,218 
Narcosis,  Maver-Overton  theory  of,  20, 

128,  167 
Narcotics,  of  methane  series,  127,  187 
Narcotine,  207,  218,  230 
Nectandrae  cortex,  59 
Neriin,  441 
Neriodorin,  441 
Xerium,  440 
Ncroli,  oil  of .  68 
Neurodine,  375 
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Newt,  437 
Ngai -camphor,  430 
Nickel,  706 
Nicotiana,  268 
Nicotin,  268,  330 
Nightshade,  black,  351 

deadly,  280 
Nitrates,  468,  531 
Nitre,  532 

sweet  spirits  of,  474 
Nitric  acid,  565 

ethers,  468 
Nitriles,  240 
Nitrites,  468 
Nitrobenzol,  425 
Nitro-bodies,  469 
Nitroethane,  469 
Nitroglycerin,  468, 473 

and  digitalis,  460 
Nitrohydrochloric  acid,  566 
Nitromethane,  469 
Nitrous  ether,  468 

oxide,  183 
Nose,  application  to,  31 
Nosophen,  523 
Nut-gall,  115 
Nutmeg,  68 

Nuts,  purging,  90  (note) 
Nux  vomica,  196,204 

OAK  BARK,  white,  116 
poison,  93 
Octane,  128 

Oenanthic  ethers,  72,  131, 146 
Oenanthotoxin,  436 
Oenanthylates,  554 
Oil,  See  Oleum 
Oil,  cod-liver,  726 

cotton-seed,  61 

fusel,  146 

of  roses,  68 
Oils,  49,  51 

essential,  61,  392 

ethereal,  61 

purgative,  91 

volatile,  61,  392 
Ointments,  30, 40,  50 
Olea,  51 
Oleander,  440 
Oleandresin,  436 
Oleandrin,  441 
Oleates,  40 
Oleites,  356 

Oleoresin  zingiberis,  68 
Oleoresins,  37 
Oleum  adipis,  51 

amygdalie  amnrie,  68,  239 
exprcssum,  51 

anethi,  68 

anisi,  68 

aurantii  florum,  68 

bergamottse,  68 

betulae  volatile,  68,418 

cadinum,  410 

cajuputi,  &8 


Oleum  carui,  68 

caryophylli,  68 

chenopodii,  126 

cinereum,  657 

cinnamomi,  68 

copaibsp,  76 

coriandri,  68 

crotonis,  99 

cubebse,  76 

erigerontis,  68 

eucalypti,  68 

foeniculi,  68 

gaultheriffi,  68,  418 

gossypii  seminis,  51 

hedeomse,  68 

jecoris  aselli,  728 

juniperi,  68,  87 

lavandulse  florum,  68 

limonis,  68 

lini,  51 

menthiB  piperit»,08 
viridis,  68 

morrhuse,  728 

myrciae,  68 

myristics,  68 

olivffi,  51 

phosphoratum,  605 

picis,  410 

pimentse,  68 

pftii,  87 

ricini,  99 

rosae,  68 

rosmarini,  68 

sabinse,  68,  87 

santali,  76 

sassafras,  68 

sesami,  51 

sinapis  volatile,  90 

terebinthinse,  86 

theobromatis,  731 

thymi,  68 

tiglii,  99 
Olive  oil,  51,  728 
Oophorin,  723 
Opnelic  acid,  59 
Opianic  acid,  230 
Opium,  207,  219 

comparison  with  hysocine,  300 
Orange  flowers,  oil  of,  68 

peel,  68 

wine,  147 
Ordeal  bean,  324,  328 
Orexine,  58,  60 
Organic  acids,  567 

iron,  659 
Organotherapeutics,  714 
Orphol,  700 
Orpiment,  607 
Orthocresol,  405 
Orthoform,  314 
Orthophosphates,  539 
Oscine,  279 
Osniic  acid.  707 
Osmosis,  486 
Osmotic  pressure,   486 
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Otto  of  10068,68 

Ouabaio,  440 
Oxalates,  557 
Oxalic  add,  568 
Oxamine,  558 
Oxgall,  714 
Oxybenxoic  acid,  422 
Oxydimorphine,  217 
Oxygen,  588 
Oxymel,  39,  54 
Oxynaphtoic  acid,  391,  422 
Oxyna  recline,  207 
Ozone,  51K) 

FACK,  hot,  cold,  322 
Palmitatis,  554 
Palsy,  painters*,  678 
Panama  bark,  355 
Pancreas,  extract  of,  723 
Pancreatic  ferment,  710 
Pancreatin,  710 
Pannic  acid,  118  (note) 
Papain,  711 
Papaja,  711 
Papaveracew,  228 
Papaveramine,  207 
Papaverine,  207, 218 
Papaveris  cap8ulje,222 
Papaver  Rh<pas,  55 

somniferum,  207,  220  * 

Papayotin,  711 
Paj>ers.  41 
Papoid,  711 
Paraeotoine,  58 
Paracresol,  405 
Paraffin,  50 
Para  form,  421) 
Paraguay  tea.  245 
Paraldehyde,  120,  191,  194 
Paralysis,  definition  of,  21 

and  fatigue,  relation  between,  257 
Paramidophenol,  374 
Paraxanthine,  246,  254 
Paregoric.  220,  434 
Pareira.  50 
Parilla.  yellow.  59 
Parillin.  351 
Paris  green,  607 

plaster  of,  576,  732 
Pathological  conditions  modifying  dose, 

Paullinia.245 

Pawpaw.  711 

Payta.  356 

Paytanine,  3.">6 

Pearson's  solution.  620 

Polletierine,  121 

Pcllitorv.  72 

PolIi>te.'22!) 
Pennyroyal.  68 

oil.  68 
Pental.  128.  179 
Pcntanc.  128 
Popo.  122 
Pepper,  72,  94 


Pepper,  black,  72 

Cayenne,  72 
Peppermint,  67 

oil  of,  68, 420 
Pepsin,  709 
Peracids,  502 
Perch  lorates,  529 
Perchlorethane,  180 
Permanganates,  593 
Peronine,218 

Peroxide  of  hydrogen,  591 
PenKMline,  593 
Persulphates,  593 
Peru,  balsam  of ,  424 
Petrolate,  50 
Petroleum,  50 
Peyotl,  229 
Pharmacognosy,  19 
Pharmacoiogi«il    action    and    chemical 

structure,  24 
Pharmacology,  definition  of.  and  rela- 
tions to  biology  and  clinical  Babiect«. 
17-19  ^ 

Pharmacopoeia,  37 
Pharmacy,  19 
Pheasant's  eye,  440 
:  Phenacetine,  375 
I  Phenanthren,  207 
I  Phenatidines,  375 

Phenazone.  385 
I  Phenetol,391,405 
I  Phenocoll,  375 
Phenol,  390,  398 
Phenyl  hydrazine,  374 
I  Phloretin.  730 
Phloridzin,  729 
Phosphates,  535.  539 
Phosphidum  zinci,  605,  690 
Phosphine,  605 
Phosphorated  oil,  605 
Phosphoric  acid,  566 
Phosphorus,  594 
Phosphuretted  hydrogen,  605 
Physostigma,  324,  328 
Physostigmin.  260, 324, 330 
Phytolacca.  436 
Phytolaccatoxin,  436 
Pichi,  78 
Picis  liquids',  oleum,  410 

emplastrum  cantharidum,  92,  732 
Picraena.  58 
Picric  acid,  426 
Picroaconitine,  332 
Picropodophyllin,  105 
Picrotin,  436 
Picrotoxin,  436 
Pills,  40 

cathartic  vegetable,    106 

compound  cathartic,  106 
Pilocarpidine,  315  (note) 
Pilocarpine,  315,  330 
Pilocarpus.  314 
Pilulie.  40 

cathartic  vegetable.  106 

composite,  106 
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Pinienta,  68 
Pimpernel,  scarlet,  711 
Pimpinella,  67 
Pineapple,  711 
Pink-root,  125 
Pinus,  86,  410 
Piper,  73 

angustifolium,  77 

cubeba,  76 
Piperazine,  553 
Piperidine,72,261,264 
Piperine,  72 
Pipirinic  acid,  72 
Pipsissewa,  78 
Pitch,  Burgundy,  86, 732 

plaster,  87,  732 
Pituitary  gland,  722 
Pituri,  268 
Piturin,  268,  281 
Pix,  Burgundica,  86 

carbonis,  410 

liquida,  410 
Plasters,  30, 41, /31 

warming,  92 
Platinum,  703 
Plum  stones,  239 
Plumbi  suppositoria,  co.,  221 

cum  opio,  pilula,  221 
Plumbum,  674 
Plummer's  pills,  637 
Podophyllotoxin,  105 
Podophyllum,  105, 107 
Poison  ivy,  93 

oak, 93 
Poisons,  17 
Pokeberry,  436 
Pokeroot,  439 
Polygala,  351 
Polygalic  acid,  351 
Polysolve,  356 
Pomegranate,  121 
Poplar,  418 
Poppy,  red,  55 
Port  wine,  147 
Potash,  549 

water,  584 
Potassa,  547 

sulphurata,  579 
Potassium  action,  498 

acetate,  554 

arsenite,  620 

bicarbonate,  550 

bichromate,  704 

bitartrate,  540 

bromide,  508 

carbonate,  549 

chlorate,  526 

chloride,  498 

citrate,  535,  540 

ferrocyanide,  535 

hydrate,  549 

hypophosphite,  534 

iodate,  529 

iodide,  514 

lactate,  554 


Potassium  malate,  535 

nitrate,  532 

nitrite,  468,  473 

oxalate,  557 

perchlorate,  529 

permanganate,  593 

persulphate,  593 

phosphate,  535 

propionate,  554 

relation  to  lime,  572 

salts,  498 

sozoiodolate,  523 

sulphate,  540 

sulphide,  579 

tartrate,  535,  540 

thiosulphate,  579 

valerianate,  554 
Potato,  281,  351 
Poultices,  41,  86 
Powders,  40 

bleaching,  587 

dusting,  53 

Seidlitz,  541 
Precipitate,  white,  657 
Pregnancy,  26 
Preparations,  alcoholic,  39 

aqueous,  38 

pharmacopoeia  I,  37 
Propionates,  554 
Propyl  alcohol,  128, 146 

nitrite,  472 
Protargol,  696 
Protocurarine,  256 
Protocundinc,  256 
Protocurine,  256 
Protopine,  207,  219,  228 
Protoplasm  poisons,  22 
Protoveratridine,  338 
Protovera trine,  338 
Prune  stones,  239 
Prunes,  59 
Prunus  amygdala,  48 

laurocerasus,  240 

Virginiana,  68,  240,  244 
Prussic  acid,  48,  68,  239 
Pseudaconitine,  332 
Pseudohyoscyamine.  280 
Pseudojer\'ine,  338 
Pseudomorphine,  207 
Pseudostrophanthin,  441 
Psychotria,  346 
Pterocarpi  lignum,  55 
J*terocarpus,  115 
J^tomatropine,  281 
Pulsatilla,  94 
Pulveres,  40 
Pulvis,  aromatic,  71 

effer\Tsoens  co.,  541 
Pumpkin  seed,  122 
Punioa,  121 
Punicine,  121 
Purine  bodies,  246 
Purgatives,  95,  104 
anthracene,  100 
eflFervescing,  541 
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Purgati%*e*,  oilj,  M 

saline,  535 

vegeUU>le,  95 
Puripng  nulH,  99  (note) 
PuMtuUntit,  79 
Pyoctanine,  428 
Pyrethric  acid,  72 
Pyrcfthnim,  72 
Pyndiii«,  U^  2«].  264,  533 
Pyrncatocbin,  2W*,  401 
PyniNliiie,374 
PyfoganoL390,407 
FyrophoaphaleAf  539 
PyrovaiiacUteAt  71>$ 
Pyroxylm,  732 

QtATRAMI DINE, 357  (note) 
Qualramine,  357  (note) 

Quobnu^ho,  366 

i^iiickhilver,  638 
<^tiinaja,351,355 
<^i]inamine,  357  (note) 

gtiifir,-,  Bi*Ti^'iii,60 

Quinetum,  369 
Quinidine,  357, 366 
Qiiinic  acid,  553 
C^uiniflg.  357 

compared  with  antipyretics,  388 

hydrubr'ji]iiiti.\  508 

iiirttetefi^,  Mli 
Qyinojdittf!,361> 
gutnoline,  35,  261,  264, 374 
Qui  nova  red,  357  (note) 
Quinovin,  357  (note) 

KA8PBERRV,  54 
Hftttlgar,  607 

Hft<7tifled  npiritw,  146 

Rectum,  application  to,  31, 34, 40 

I^r;       11,357 

R<?Hin.S8,  732 
ReiiinoUK  purge?^,  105 
lU'wina,  36 
Hcftopyrin,  374 
Kes*arcin,300,  406 
R  evulsion,  1  li  CO  ry  of,  79 
HhumnuH  piLriahmna,  104 
Rhatany,  iU 
Rheum,  102 
Rhnadine,  2Q7 
Hhoeadofi  TxHii]a,55 
Rliuliarb,  100 
Khu4  glabra,  115 

riitliffln«,  04 

toxicodendron,  93 
Rioin,  724 

Ricinu8,09,  100,724 
Ro!)nrite.  420 
Roohelle  salt,  536 
Rosa,  07 
RoHe,  petalR,  68 


Ro^,  Christmas,  440 

BtfiniTy^  oil  «l,  63 

EfttgT,  attJLr,  oUa^  oil  cC,  M 

Btfttkria,  l£S 

if 


Rubijerriiie.  338 
Rubiis,  1 15 

idjeiis,S4 
Rum,  72, 146 
Rimiez,  1 15 

SABA0ILLA.338 
S«lwdiAi;,338 
Sabina^  68^  §7 
Saeidiari^s,  311 
Sacdiartii,^ 

laciis,54 
Saffron,  55 
Sage,  65,  68 

Salamander,  alkaloids  of,  36 
Salep,  48 
Salicin,  418 
Salicylates,  418 
SalSevlit-  acid, 301,413 
Hiilim'  f4i  til  artier,  535 
8aliphen,375,417 
Salipyrine,  374 
Salith>-niot,  301,  417 
SalocolU  375 
SaloK39Lll7 
Salophen, 375 
Salt  action,  485 

common,  490 

of  sorrel,  568 
Saltpetre,  532 
Salts,  dissociation  of,  488 

ethereal,  129 

purgative,  535 

smelling,  556 
Salumin,  702 
Salves,  30, 40 
Salvia,  68 

Sal  volatile,  spirit  of,  556 
Samandarine,  437 
Sambucus,  67 
Sandalwood,  75 

oil  of,  75 

red,  55 
Sanders,  55 
Sanguinaria,  228 
Sanguinarine,  228 
Santalol,  75 
Santa  him  album,  76 

rub  rum.  55 
Santonica,  125 
Santonin.  122 
Santoninoxim,  124 
Sapo,  87,  221,  731 
Saponaria,  351 
Saponin,  350 
Sapotoxin,  350 
Sarsaj  radix,  355 


INDEX, 


753 


^arsaparilla,  351,  356 
*^ar  saponin,  357 
^Hftaafras,  47,68 
^assy  bark,  440 
Saturnine  colic,  palsy,  677 
launders,  55 
Ravine,  65,  68,  87 
5>c»ammony,  98,  107 
^litpiiocaulon,  338 
Scheele's  green,  607 
Schleich's  infiltration  anaesthesia,  311 

mixtures,  180 
Schmie(le!)erg*8  classification,  42 
Sclnveinfurth's  green,  607 
Scilla,440 

Pil.  ipecac,  cum,  221 
Scillain,  441 
Scillotoxin,  457 
Sclerotinic  acid,  482 
Scoparin,  266 
Scopolamine,  279, 293 
Scopoleine,  280,  295 
Seopolia,  279,  295,  351 

atropoides,  281,  295 
Scopoline,  279 
Scorpion,  725 
Scur\"\'  grass,  73 
Secale\  476 
Secalinc,  477 
Secaliiitoxin,  477 
Secretions,  internal,  714 
Securite,  426 
Sedine,  72 
Si'dum  acre,  72 
Seidlitz  powder,  541 
Selenium,  706 
Semecarpus,  94 
Senega, 351,  355 
Senegin,  351 
Senna,  100,  102,  103 
Se[)ia,  576 

Septentrionaline,  336 
Serpentaria,  59 
S<»rpentary,  57 
Sesame  oil,  51 
Sesquiterpenes,  61,  75 
Sevum.  50 

Sex,  influence  of,  on  dose,  26 
Sherry  wine,  147 
Sidonal,  553 
Silver,  628,  691 

colloid.  696 
Sinalbin,  89 
Sinapis,  89 
Sinigrin,  89 

Size,  influence  of,  on  <lose.  25 
Skin,  application  of  drugs  to,  30,  33 

irritants,  78 
Slippery  elm,  47 
Smilacin,  351 
Smilax,  351,355 
Snake  poison,  725 

root.  59 
Soap.  87,  221,  731 

bark, 351,  355 

48 


Soaps,  compound  pill  of,  221 
Soap  wort,  351 
Socaloin,  101 
Socatrine  aloes,  103 
Soda,  549 

chlorinated,  581 

water,  584 
Sods  chloratse,  liquor,  587 
Sodium,  acetate,  555 

arsenate,  620 

benzoate,  424 

bicarbonate,  550 

bisulphite,  534 

borate,  583 

bromate,  529 

bromide,  508 

butyrate,  554 

cacody late,  622  (note) 

caprylate,  554 

carbonate,  550 

chlorate,  526 

chloride,  490 

citrate,  535,  554 

citrotartrate,  541 

ethylate,  549 

ferrocyanide,  535 

fluoride,  525 

fluorosilicate,  526 

formate,  554 

hydrate,  549 

hypophosphite,  534 

hyposulphite,  534 

iodate,  529 

iodide,  514 

lactate,  554 

malate,  535 

malonate,  559 

metacresotinate,  422 

nitrate,  532 

nitrite,  468,  473 

cenantliylate,  554 

orthocresotinate,  422 

oxalate,  557 

palmitate,  554 

paracresotinate,  422 

perch  lorate,  529 

persulphate,  593 

phosphate,  540 

propionate,  554 

pyrophos[)hate,  540 

salicylate,  391,413,418 

silicate,  732 

sozoiodolate,  523 

htearate,  554 

succinate,  559 

sulphate,  535,  540 

snlpliide,  577 

sulphite,  534 

aulphocarbolate,  422 

sulphovinate,  541 

tartrate,  535,  540 

thiosulphate,  534 

valerianate,  554 
Soft  soap.  731 
Solanaceae,  alkaloids,  281 
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Solaneixii^  351 
Solanine,  350, 351 
Solanidine,  351 
Solanum,  351 
Solutions,  480 
Solutol,  405 
Solveol,  405 
Solvines,  356 
Soporifics,  187 
Sorrel,  salts  of ,  568 
Sowbread,  351 
Sozoiodolates,  523 
Sozolic  acid,  422 
Spanish  fly,  91 
Sparteine,  261,  266 
Spartium,  266 
Spearmint,  67 

oil  of,  68 
Spermaceti,  51 
Spermine,  723 
Sphacelinic  acid,  476 
Sphacelotoxin,  477 
Spider  poison,  725 
Spigelia,  125 
Spirits,  71, 146 
Spiritus,  39 

frumenti,  146 

rectificatus,  146 

vini  gallici,  146 

of  volatile  oils,  69 
Spleen,  extract  of,  723 
Spruce  fir,  Norway,  86 
Squills,  440 

Squirting  cucumber,  107   , 
Stannous   salts,  706 
Staphisagria,  332,  336 
Star  anise,  68 

blazing,  351 
Starch,  45,  48,  51,  53 

glycerite,  51 
Stavesacre,  332 
Stearates,  554 
Stearoptenes,  61, 430 
Stupe,  turpentine,  87 
Sterculia,  245 
Sternutatories,  31 
St.  Ignatius'  bean,  204 
Stibine,  637 
Stimulation,  20 

Stomach      and      intestine,      absorption 
from,  32 

administration  by,  30 
Stonecrop,  biting,  72 
Storax,  424 
Stramonium,  281,  295 
Strontium,  576 

acetate,  555 

bromide,  508, 577 

iodide,  514 
Strophanthus,  440,  456 
Structure,   chemical    and    pharmacolog- 
ical action  of,  24 
Strychnine,   190,  204,  219 

comparison      with      atropine     and 
caffeine.  282 


Strychnine,  comparison  with  digatiliji. 
461 
with  picrotoxin,  437 
Strychnos,  196, 204, 256 
Styptic  collodion,  114,  732 
Stypticine,  232 
Styrax,  424 

Subarachnoid  cocainization,  312 
Subcutaneous  injection,  33 
Sublimate,  corrosive,  654 
Succi,  40 
Succinates,  558 
Suet,  50 
Sugar,  45,  54 

of  lead,  675 
Sulphanilic  acid,  516 
Sulphates,  535,  539 
Sulphides,  577 
Sulphites,  533 

Sulphocarbolates,  391,  422,  690,  700 
Sulphonal,  129, 191 
Sulphovinate,  541 
Sulphur,  577 

flowers  of,  580 

iodide,  518 

milk  of,  580 

sublimated,  580 

washed,  580 
Sulphuretted  hydrogen,  579 
Sulphuric  acid,  564 

ether,  178 
Sulphuris,  hepar,  579 
Sulphurous  acid,  566 
Sumach,  115 

Currier's,  436 
Sumbul,  74 
Sundew,  711 
Suppository,  31 

glycerin,  52 
Suppositories,  40 

Suprarenal  capsule,  extract  of,  440,  46.1 
Suprarennin,  463  (note) 
Swamp  dogwood, 427   (note) 
Swertia  chirata,  59 
Symphorol,  254 
Synergists,  28 
Syrupus,  39,  54 

aromaticus,  70 
Systemic  action,  23 
Syzygium,  730 

TABELL.E,  40 
Tablet  triturates,  40 
Taka-diastase,  712 
Talc,  53 
Tamarind,  55 
Tanacetum,  68 
Tanghinia,  441 
Tanghinin,  441 
Tannal,  702 
Tannalbin,  116 
Tannic  acid.  111 
Tannigen,  115 
Tannocol,  116 
Tannoform,  115 
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Tannopin,  115 
Tansy,  68, 117 
Tar,  391,  410 
Tarantula,  725 
Taraxacum,  59 
Tartar,  cream  of,  540 

emetic,  033 
Tartaric  acid,  563,  568 
Tartrates,  535,  539 
Tea,  245,  254 
Teel  oil,  51 
Tellurates,  707 
Tellurium,  706 
Terebene,  87 
Terebinthina,  86 
Terpene8,61,86 
Terpin  hydrate,  87 
Testicle,  extract  of,  723 
Tetrachloride  of  carbon,  180 
Tetraiodpyrrol,  523 
Tetronal,  129,  192,  194 
Thalline,  374 
Thallium,  706 
Thea,  245 

Thebaine,  196,  204,  207,  218 
Theine,245  (note) 
Theobroma,  245 
Theobromine,  245 
Theon,  255 
Theophylline,  245 
Therapeutics,  17 
Therapin,  727 
Thermifugine,  374 
Thermodine,  375 
Thevetia,  440 
Tlievetin,44l 
Thilanin,  680 
Thioform.  700 
Thiol,  392,  412 
Thiosinamine,  90 
ThioMulphates,  533 
Thomapple,281 
Thus  Americanum,  86 
Thyme,  68,  405 
Thymol,  67.  71,  390,  405 
Thymosalol,  417 
Thymus  extract,  722 
Thyreoglobulin,  715 
Thyreoiodin.  715  (note) 
Thyroid  extract,  715 
ThVroidiHm,  719 
Tin,  628,  706 
Tinctures,  39 
Tobacco,  268,  276,  283 

Indian,  278 
Tolerance,  27,  725 
Tohi.  balsam  of ,  424 
T()l!iiftTa.424 
Toluol,  3!K) 

Toliitana,  tinctura,  424 
Toluylondiamine,  427 
Tonka  bean.  524 
Toot  poison.  436 
Tonghennl  caustic.  694 
Toxalbumin,  724 


Toxicodendrol,  93 
Toxicology,  17 
Toxiresin,  436 
Tragacanth,  47 
Tribromphenol,  402 
Trichloracetic  acid,  568 
Trichlorphenol,  391 
Tricresol,  405 
Triiodocresol,  523 
Trimethyl-ammonium,  315,  504 
Trimethylamine,    128,  727 
Trinitrate  of  glycerin,  468 
Trinitrini,  liquor,  474 
Trional,  129,  192, 104 
Trioxybenzol,  407 
Triticum,  47 
Tritopine,  207 
Trituratio,  40,  107 
Trituration,  40 
Troches,  40 
Trochisci,31,40 
Tropacocaine,  303, 310 
Tropeines,  280, 294 
Tropic  acid,  279 
Tropine,  121,279 
Tulfy's  powder,  221 
Tumenol,  392 
Tungsten,  706 
Turlington's  balsam,  424 
Turpentine., U  7 

oil  of,  867590 
Turpeth  mineral,  657 

ULMUS,47 
Uncaria,  114 
Uncomooomo,  118  <  note) 
Unguenta,  30,  40 
Tnguentum,  50 
Upas  tree,  440 
Uranium,  706 
Urari,  250 

Urea  as  a  diuretic,  493 
Urechites,  440 
Urethane,  129,  192,  194 
Urethra,  applications  to,  31 
Urethral  suppositories,  40 
Urginea  maritima,  456 
I'rosin,  553 
Urotropine,  553 
Ursion,  77 
Ustilago,  483 
Uterus,  applications  to,  31 
Uva  ursi,  77 

VAGINA,  applications  to,  31 
Vaginal  suppositories,  4( 
Valerian,  74 
Valerianates,  554 
Vnllet's  mass,  670 
Valyl,  74 
Vanadium,  706 
Vanilla,  68 
\'aseline,  50 

Vegetable  astringents.  Ill 
cathartic  pill,  106 
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Vegetable  purgatives,  95 
Veratrine,  338 
Veratruni,  338 
Verbascum,  48 
Vermicides,  117 
Vermifuges,  117 
Veronica,  107 
Vesieans,  collodium,  732 
Vesicants,  79 
Vienna  paste,  549,  574 
Vina,  39 
Vinegar,  517 

medicated,  40 
Vini  Gallici,  spiritus,  146 
Vinum  album,  147 

aurantii,  147 

rubriun,  147 

xericnra,  147 
Viofomi,  523 
Violet,  344 

sight,  122 
Virginian  cherry,  68,  240,  244 

prune,  68 
Vitellus,  49 
Volatile  oils,  61,  392,430 

WAHOO,  107,457 
Warburg's  tincture,  368 
Wannipg  plaster,  92,  732 
\Va8hprT)lack,  657 
Wash,  yellow,  657 
Washes,  39,  657 
Water,  490 

aerated,  504 

potash,  584 

soda,  584 
Waterglass,  732 
Waterhemlock,  436 
^^  atering  places,  495 
Waters,  iron,  672 


Waters,  medicated,  38 

Wax,  61,  731 

Weight,  influence  of,  on  dose,  25 

Whihkey,  72, 140 

Willow,  418 

W-ine,  147 

Wines,  medicated,  39 

Wintergreen.  oil  of,  68,  391,  418 

Witchhazel,  115 

Woodtar,391 

Woolf at,  50 

Woorali,  256 

W^oorara,  256 

Wormseed,  American,  126 

Levant,  125 
Wormwood,  65,  68 
Wristdrop,  678 

XANTHIN,  246,  264 
Xanthopsia,  122 
Xeroform,  700 
Xylol,  390 

YELLOW  jasmine,  265 
sight,  122 
Verba  Mate,  245 
Yolk  of  egg,  49 

glycerite  of,  51 
Young's  formula,  25 
Youpon,  246 
Yttrium, 499   (note) 

7EA,  78 

L     Zinc,  628.  688 
Zinc-hflpmol,  689 
Zinc  phosphide,  605.  690 
sozoiodolate,  523 
sulphocarbolate,  422,  690 
Zincum,  689 
!  Zingiber,  68, 73  s 
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b9Q  iMigt-ji,  including  ^^00  fiill-psige  plates.     De  luxe  edition,  $10,00^  net. 

HYDE  (JAMES  NEYINS)  AND  MONTGOMERY  FRANK  H.).  A  PRAC- 
TICAL TREATISE  ON  DISEASES  OF  THE  SKhW  Sixth  edition,  thoroughly 
revised.  Octavo,  iS32  piiges,  with  107  engravings  and  27  full-page  plale^,  9  of  which 
are  colored.     Uloth,  $4.fjO,  nt^t ;  leather,  |5.50,  net;  half  morocco,  $iiM\  nrt, 

JACKSON  /GEORGE  THOMAS).  THE  READY-REFERENCE  HANDBOOK 
OF  DLSEASES  OF  THE  SKfN  Fourth  edition.  12mo.  volume  of  617  pag€«> 
with  82  eii^aving»,  and  ^  colored  plates.     Cloth,  $2.75,  nrt, 

JAMIESON  j  W.  ALLAN).  DISEASES  OF  THE  SKIN  Third  edition.  OctaTO, 
t>56  pages,  with  1  engraving  and  9  dotible^page  chromo-Uthographic  plates.     Cloth,  $6. 

JEWETT  (CHARLES).  ESSENTLALS  OF  OBSTETRICS.  Second  edition. 
I2mo.,  385  pages,  with  SO  engravings  and  5  colored  platea.     Cloth,     $2,25,  iiri. 

THE  PEA  CTICE  OF  OBSTETRICS.     Bj  American  Authors.    Second  edition. 

One    octavo  volume  of  775  pages,   with   445  engravings  in  black   and  colors,  and  3^ 
full-page  colored  platea.     Cloth,    $5.00;  leather,  $6.00;  half  morocco,  $0,50. 

JULER  (HEBTRYl.  .4  HANDBOOK  OF  OPHTHALMIC  SCIENCE  AND 
PRACTICE.  Second  edition.  Octavo,  549  pages,  with  201  engravingH,  17  chrorao- 
lithographic  plates,  test-types  and  Color- Blindnesc  Te»t.     Cloth,  $5.50;   leather,  $6.50. 

KELLY    (A.O.J.)     A    .MANUAL    OF    THE   PRACTICE    OF   MEDICINE,  i 
Uctavo,  about  600  pages,  illustrated.     Preptiriuf}.  1 

KIRK  (EDWARD  C).  OPERATIVE  DENTISTRY.  Second  edition.  8e«^ 
Amerieiiii  Trjri-books  of  Dmtwtry,  page  2. 

KINO  (A.  F.  A.).  A  MANUAL  OF  OBSTETRICS,  Eighth  ediUon.  In  out 
12mo.  volume  of  612  pages,  ^ith  264  illaHtrationN.     Cloth,  $2.^0.  msU 

KLEIN  (E.).    ELEMENTS  OF  HISTOLOGY.     Fifth  edition.     In  one  pocket^siia^ 
12nio.  volume  of  506  page»,  with  296  engravings.     Cloth,  $2.00,  net.     StvdmtH'  Senc9 
Mnmnth.      Page  15. 

KOPLIK  ( HENRY),  DISEASES  OF  INFA  NCY  AND  CHILDHOOD.  Octavo, 
675  jmgey  with  16y  engravings  and  32  plates  in  black  and  colore.  Cloth,  $>.00  ;  leather^ 
$6JI0,  firf.     Jmf  Rfad\j. 

KUSTNER  (OTTO)  AND  BEYEA  (HENRY  D.).  -4  TEXT-BOOK  OFQYNE- 
OOLOGY .     Octitvo,  400  page*,  with  260  engravings.     Preparing. 
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LANDIS  (HENBY  Q.).  THE  MANAGEMENT  OF  LABOR.  In  one  handaooM 
12mo.  volume  of  329  pages,  with  28  illustrations.     Cloth,  $1.75. 

LA  ROCHE  (B.).  YELLOW  FEVER.  In  two  Svo.  volumes  of  1468  pagOL 
aoth,  $7. 

LEA  (HENRY  0.).  CHAPTERS  FROM  THE  RELIGIOUS  HISTORY  OF 
SPAIN;  CENSORSHIP  OF  THE  PRESS;  MYSTICS  AND  ILLUMINATIj 
THE  ENDEMONIADAS ;  EL  SANTO  NINO  DE  LA  GUARDIA;  BEL 
ANDA  DE  BARDAXL    In  one  12mo.  volume  of  522  pages.     Qoth.  $2.50. 

A  HISTORY  OF  AURICULAR  CONFESSION  AND  INDULGENCES 

IN  THE  LATIN  CHURCH,     In  three  octavo  volumes  of  about  500  pages  eacL 
Per  volume,  cloth,  $3. 

THEMORISCOS  OF  SPAIN:  THEIR  CONVERSION  AND  EXPULSION 


In  one  rojal  12mo.  volume  of  about  425  pages.     Extra  cloth,  $2.25,  neL 


STUDIES   IN  CHURCH  HISTORY,     New    edition.      12mo ,    606  pages. 


Cloth,  $2.50. 


SUPERSTITION  AND  FORCE;  ESSA  YS  ON  THE  WAGER  OF  LAW, 

THE    WAGER    OF  BATTLE,   THE   ORDEAL  AND    TORTURE.     Fourth 
edition,  thoroughlj  revised.     In  one  royal  12mo.  volume  of  629  pages.     Cloth.  $2.75. 

LEA'S  SERIES  OF  MEDICAL  EPITOMES.  Covering  the  entire  field  of  medicine 
and  surgery  in  twenty  convenient  volumes  of  about  250  pages  each,  amply  illustrated 
and  written  by  i)romineDt  teachers  and  specialists.  Compendious,  authoritative  and 
modern.  Following  each  chapter  is  a  series  of  questions  which  will  be  found  oonvoiient 
in  quizzing.     The  Series  is  constituted  as  follows  : 

Hale's  Anatomy.  Guenther's  Physiology.  McGlannan's  Chemistry  and  Physics. 
Kiepe's  Materia  Medica  and  Therapeutics.  Dayton's  Practice  of  Medicine.  Hollis's 
Physical  Diagnosis.  Ameill's  Clinioil  Diagnosis  and  Urinalysis.  Nagle's  Nervoos  and 
Mental  Diseases.  Wathen's  Histology.  Stenhouse's  Pathology.  Archinard's  Bacteri- 
ology. Magee  and  Johnson's  Sur^^ery.  Ailing,  Grifien  and  Ferguson's  Eye,  Ear,  Nose 
and  Throat.  Schmidt's  Genito-Urinary  and  Venereal  Diseases.  Schalek's  Dermatology. 
Pedersen's  Gynaecology.  Manton's  Obstetrics.  Tuley*s  Pediatrics.  D wight's  Jurispra- 
dence.     Dwight's  Toxicology. 

LEA'S  SERIES  OF  TOOKET  TEXT-BOOKS.    See  page  12. 

LE  FEVRE  (EGBERT).    A  TEXT-BOOK  OF  PHYSICAL  DIAGNOSIS.     12ma, 

450  pages,  74  engravings,  12  plates.     Cloth,  $2.25,  net 

LONG    (ELI).      DENTAL    MATERIA    MEDICA     AND    THERAPEUTICS. 

12mo.,  321  pages,  6  engravings,  18  plates.     Cloth,  $3.00,    lei. 

LOOMIS  (ALFRED  L.)  AND  THOMPSON  (W.  OILMAN),  Editora.  A  SYS- 
TEM OF  PRA  CTICAL  MEDICINE,  In  Contributions  by  Various  American  Aathora. 
In  four  very  handsome  octavo  volumes  of  about  900  pages  each,  fully  illustrated  in  black 
and  colors.  Per  volume,  cloth,  $5 ;  leather,  $6 ;  half  Morocco,  $7.  For  tale  6y  tub" 
Kriplion  only.     Full  prospectus  free  on  application. 

LTMAN  (HENRY  M.).     THE  PRACTICE  OF  MEDICINE.    In  one  very  hand- 

some  octavo  volume  of  925  pages  with  170  engravings.     Cloth,  $4.75;  leather,  $5.75. 

MACKENZIE  (JOHN  NOLAND).     THE  DISEASES  OF  THE  NOSE  AND 

THROAT,    Octavo,  of  about  600  pages,  richly  illustrated.     JFVeportfi^. 

MAISOH  (JOHN  M.).  A  MANUAL  OF  ORGANIC  MATERIA  MEDICA. 
Seventh  edition,  thoroughly  revised  by  H.  C.  C.  Maisch,  Ph.G.,  Ph.D.  In  one  12mo. 
of  512  pages,  with  285  engravings.     Cloth,  $2.50,  net, 

MALSBARY  (GEO.  E.).  A  POCKET  TEXT-BOOK  OF  THEORY  AND 
PRACTICE  OF  MEDICINE.  12 mo.  405  pages,  with  45  illustrations.  Cloth,  $1.75, 
net;  flexible  red  leather,  $2.25,  net.     Lea's  Series  of  Pocket  Text-Books,     Page  12. 
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TON  (W.  P,).     ^iV  EPITOME   OF   OBSTETRICS,     12ma,  205  pagee,  82 
I L radons.     Clothp  ILOO,  neL     Lt(/$  S^es  of  Medical  Epilumcs.     See  page  10, 

injMiS.    See  Student^  QuU  SerU^  ptkfse  14;    StvdenH  ManmU,  page  15;  Clmiml 
ManuaU,  page  13;  Medical  Eptiomes^  page  10  [  Fotket  Test^Boola^  page  12. 

ISH  (HOWARD )v  DISEASES  OF  THE  JOINTS.  Id  one  12mo.  volame  of 
468  pages,  with  M  engrarings  and  a  colored  plate.  Clothp  |2.  8ee  Seria  of  CUmod 
Mcmuim^  page  13. 

MARTIN  (EDWARB.)  SVRGWAL  DIAGNOSIS.  One  l2mo.  volume  of  400 
pages,  riolily  illustrated.     Preparing. 

MARTIN  (WALTON)  AND  ROCKWELL  (W.  H,.  JR.).  A  POCKET  TEXT- 
BOOK OF  VHEMISTBY  AND  PHrSICS.  liSmo.  Zm  page^  with  137  Ulii»- 
trations,  Clotli,  $1.50,  nei;  llexible  leather,  ^2.00,  nf(.  Le^^M  S^i«9  of  Fbcket  Test- 
Books.     Page  Tl 

McGL ANNAN  (Aj.  ^.V  EPITOME  OF  CHEMISTRY  AND  PHYSICS. 
12mo,  2'«0  page*,  illustrated.  Cloth,  $1.00,  nn.  Lra%  Serirs  of  Mfdical  Epiiovv!»,  See 
page  10. 

MEDICAL  NEWS  POCKET  FORMOTiARY*    See  page  L    $1.50,  «w. 

MITCHELL  (JOHN  KJ.  REMOTE  CONSEQUENCES  OF  INJURIES  OF 
NER  VES  AND  THEIR  TREATMENT  12mo.,  239  pag€8, 12  illustrationa.  Ooth, 
11.75. 

MITCHELL  (S.  WEIR).  CLINICAL  LESSONS  ON  NERVOUS  DISEASES, 
I2tiu).,  2119  pages,  with  17  engravings  and  2  colored  plates.     Cloth,  $2,50, 

MORRIS  fMALCOLML  DISEASES  OF  THE  SKIN  Second  edition.  12mo., 
601  pagt^,  with  10  chrorao- lithographic  plates  and  26  engravings.      Cloth,  |3.25,  net 

MORROW    PRINCE  A,).     THE  RELATIONS  OF  VENEREAL  DISEASES 

WITH  MARRIAGE.     <Jctavo,  about  450  pages  with  many  ill u^trntiona.     Ptepiinnff. 

MULLER  (J,),  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY.  In  oii« 
l&rge  8vo.  volume  of  623  page^,  with  538  engravings.     Cloth,  $4.50. 

MU8SER  (JOHN  H.).  A  TREATISE  ON  MEDICAL  DIAGNOSIS,  for  Stiidenta 
and  Physician?*.  Fourth  edition-  Octavo,  1104  pages,  with  250  engravings  and  49  fuU- 
page  colored  plates.     Cloth,  $fi,O0;  leather,  $7.00;  half  morocco,  $7  50,  net 

NATIONAL  DISPENSATORY.    See  StiiU,  Mamh  d;  Ca^>an,  page  14. 

NATIONAL    FORMULARY.      See  NiHonal  Durpenmfofy,  page  U. 

NATIONAL  MEDICAL  DICTIONARY.    See  BWings,  page  3, 

NETTLESHIP  lEJ.  DISEASES  OF  THE  EYE.  Sixth  American  from  aixth 
Engli-'^h  edition.  Thoroughly  revised.  12roo,,  562  pages,  with  192  engravinga,  5  colored 
platef*,  test-tvpes,  formtilje  and  color-blindnew  test.     Cloth»  $2.25,  net 

NICHOLS  i  JOHN  B.)  AND  VALE  (F.  P.).  A  POCKET  TEXT-BOOK  OF 
HISTOLOGY  AND  PATHOLOGY.  l2mo.  of  459  pa^e*,  with  213  iUiiMtration** 
Vhnh,  $1.75,  fiW  ;  tlexihle  leather,  $2.2.'>,  iwL     Lm's  Stum  of  Pochi  Te^t^Ilmki.     Page  12, 

N0RRI8  (WM.  F.)  AND  OLIVER  (CHAS.  A.l  TEXT^BOOK  OF  OPHTHAL- 
MOLOGY. In  one  octavo  volume  of  641  pages^  with  357  ©ngravingB  and  5  oolored 
plates.     Cloth,  $5 ;  leather,  $6. 

OWEN  ( EDMUND L  SURGICAL  DISEASES  OF  CHILDREN  In  one  12mo. 
volume  of  525  pages,  with  S5  engravings  and  4  colored  plates.  Cloth,  $2.  See  Series  t^ 
Ctinufol  ManiioU,  page  13. 

PARK  (WILLIAM  H.).    BACTERIOLOG Y  IN  MEDICINE  AND  SURGER Y.  , 

12mo.,  ^H^  pages,  87  engravinga  in  black  and  colon),  2  colored  plates^     Cloth,  $3.00,  neL  I 

PARK  I ROSWELL).  Editor.    A  TREA  TISE  ON  SUROER  F,  by  American  Authors.] 
For  8tu<leirts   and    Pnictitionens  of  Surgery  and  Medicine.      Third   edition.     In    one 
l*rge  ocUvo  volutne  of  14 OH  pages,  with  692  engravings  and  64  plates.     Cloth,  $7.00^ 
leather,  $8*00,  nei.     Puhlinhed  al«o  in  2  volumes  at  $3.75^  net,  per  volume,  clothe 
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PARVIN  (THEOPHILUS).    TEE  SCIENCE  AND  ART  OF  OBSTETRICS. 

Third  edition.     In  one  handsome  octavo  volume  of  677  pages,  with  267  engravings  tnd 
2  colored  plates.     Cloth,  $4.25 ;  leather,  $5.25. 

PEPPER'S  SYSTEM  OF  MEDICINE.    See  page  2. 

PEPPER  (A.  J.).  SURGICAL  PATHOLOGY.  In  one  12mo  volume  of  611  pag«B, 
with  81  engravings.    Cloth,  $2.    See  SiudenU^  Seriea  qf  Manuals,  page  15. 

PICK  (T.  PICKERING).  FRACTURES  AND  DISLOCATIONS.  In  one  12mo. 
volume  of  530  pages,  with  93  engravings.    Cloth,  $2.    See  Series  of  Clinioal  MamtaU,  p.  13. 

PLAYFAIR  (W.  S.).  THE  SCIENCE  AND  PRACTICE  OF  MIDWIFERY. 
Seventh  American  from  the  Ninth  English  edition.  Octavo,  700  pages,  with  207  engrav- 
ings and  7  full  page  plates.     Cloth,  $3.75;  leather,  $4.75,  n^ 

POLITZER  (ADAM).  A  TEXT-BOOK  OF  THE  DISEASES  OF  THE  EAR 
AND  ADJACENT  ORGANS.  Third  American  from  the  Fourth  German  editioo. 
In  one  octavo  volume  of  896  pages,  with  346  engravings.     Cloth,  $7.50,  net.    Jutt  Ready. 

POCKET  F0RMX7LARY.    Fifth  edition.     See  page  1. 

POCKET  TEXT-BOOK  SERIES  covers  the  entire  domain  of  medicine  in  eighteen 
volumes  oi  350  to  525  pages  each,  written  bj  teachers  in  leading  American  medical  col- 
leges, issued  under  the  editorial  supervision  of  Bern  B.  Gai^laudet,  M.D.  ,  of  the  Collq§pe 
of  Physicians  and  Surgeons,  New  York.  Thoroughly  modem  and  authoritative,  conciae 
and  clear,  amply  illustrated  with  engravings  and  plates,  handsomely  printed  and 
bound.  Tlie  series  is  constituted  as  follows :  Anatomy ;  Physiology  ;  Chemistry  and 
Physios ;  Histology  and  Pathology ;  Materia  Medica,  Therapeutics,  Medical  Pharmacy, 
Prescription  Writme  and  Medical  Latin  ;  Practice;  Diagnosis ;  Nervous  and  Mental  Iha- 
eases ;  Surgery  ;  Venereal  Diseases ;  Skin  Diseases ;  Eye,  Ear,  Nose  and  Throat ; 
Obstetrics ;  Gynecology ;  Diseases  of  Children  ;  Bacteriology ;  Nursing ;  Massage. 
Special  circular  free  on  application. 

POTTS  (CHAS.  S.).  A  POCKET  TEXT-BOOK  OF  NERVOUS  AND 
MENTAL  DISEASES.  12mo.  of  455  paces,  with  88  illustrations,  aoth,  $1.76,  nei; 
flexible  leather,  $2.25,  net.     Lea*s  Series  of  Pocket  Text-Books,  page  12. 


A    TEXT-BOOK  ON  MEDICINE  AND  SURGICAL  ELECTRICITY. 

Octavo,  about  350  pages,  amply  illustrated.     Shortly. 

POSEY  (W.  C.)  AND  WRIGHT  (JONATHAN).  A  TREATISE  ON  THE 
EYE,  NOSEy  THROAT  AND  EAR.  Octavo,  1251  pages,  richlv  illustrated  with 
650  engravings  and  35  plates  in  black  and  colors.  Cloth,  $7.00;  leather,  $8.00,  neL 
Just  Ready.  Published  also  in  two  volumes.  Vol.  1.,  Posev  on  the  Eye.  Cloth,  $4.00, 
net.     Vol.  II.,  Wright  on  the  Nose,  Throat  and  Ear.     Cloth,  $3.50,  neL 

PROGRESSIVE  MEDICINE.    See  page  1.     Per  annum,  $10.00. 

PURDY  (CHARLES  W.).  BRIGHT'S  DISEASE  AND  ALLIED  AFFEC- 
TIONS OF  THE  KIDNEY.  In  one  octavo  volume  of  288  pages,  with  18  engrav- 
ings.    Cloth,  $2. 

PYE-SMITH  (PHILIP  H.).    DISEASES  OF  THE  SKIN.    In  one  12mo.  volume 

of  407  pages,  with  28  illustrations,  18  of  which  are  colored.    Cloth,  $2. 

QUIZ  SERIES.     See  StudenUf  Quiz  Series,  page  14. 

RALFE  (CHARLES  H.).  CLINICAL  CHEMISTRY.  In  one  12mo.  volume  ol 
314  pages,  with  16  engravings.     Cloth,  $1.50.     See  StudenU^  Series  of  ManualSf^Bge  14. 

REMSEN  (IRA).  THE  PRINCIPLES  OF  THEORETICAL  CHEMISTRY. 
Fifth  edition  thoroughly  revised.     In  one  12mo.  volume  of  326  pages.     Cloth,  $2. 

REYNOLDS  (EDWARD)  AND  NEWELL  (F.  S.).  MANUAL  OF  PRACTI- 
CAL OBSTETRICS.    Octavo,  531  pages,  253  engravings  and  3  plates.     Cloth,  $3.75, 

net.     Just  Ready. 
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BI0HABD80N  (MAUBIOE  H.).  A  PRACTICAL  TREATISE  ON  ABDOMI- 
NAL  SUBOERY.  Octavo,  about  800  pages,  profusely  illustrated  with  engravings 
and  colored  plates.    Preparing. 

RI0HABD80N  (BENJAMIN  WARD).  PREVENTIVE  MEDICINE.  In  one 
octavo  volume  of  729  pages.    Cloth,  $4. 

ROBERTS  (JOHN  B.).  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN 
SUROER  Y.  Second  edition.  In  one  octavo  volume  of  838  pages,  with  474  engravings 
and  8  plates.     Cloth,  $4.25,  net;  leather,  $5.25,  net 

ROCKWELL  ( W.  H.,  Jr.).  ^  POCKET  TEXT-BOOK  OF  ANATOMY.  12mo., 
600  pages,  illustrated.  Cloth,  $2.25;  flexible  leather,  $2.75,  net  Lea^s  Series  of  Pocket 
Text-Books.     Page  12. 

ROSS  (JAMES).  THE  DISEASES  OF  THE  NERVOUS  SYSTEM.  OcUvo, 
726  pages,  with  184  engravings.     Cloth,  $4.50;  leather,  $5.50. 

80ELAFER  (EDWARD  A.).  THE  ESSENTIALS  OF  HISTOLOQ F,  DESCRIP- 
TIVE  AND  PRACTICAL.  Sixih  edition.  Octavo,  426  pages,  with  463  illustra- 
tions.    Cloth,  $3,  neL 

A    COURSE   OF  PRACTICAL   HISTOLOGY.    Second  edition.     In    one 


12mo.  volume  of  307  pages,  with  59  engravings.     Cloth,  $2.25. 

80HALEK  (ALFRED).  AN  EPITOME  OF  DERMATOLOGY.  12mo.,  225 
pages,  34  illustrations.    Cloth,  $1.00,  nef.    Led s  Series  of  Medical  Epitomes,   See  page  10. 

80HLEIF  (WM.).  A  POCKET  TEXT-BOOK  OF  MATERIA  MEDICA, 
THERAPEUTICS,  PRESCRIPTION  WRITING,  MEDICAL  LATIN  AND 
MEDICAL  PHARMACY.      Second  edition.      12mo.,  380  pages.      Cloth,  $1.75; 
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flexible  leather,  $2.25,  net     Lea^s  Series  of  Pocket  Text-Books.     Page  12. 

80HMAUS  (HANS.)  AND  EWING  (JAMES).  PATHOLOGY  AND  PATH 
OLOGICAL  ANATOMY.  Sixth  edition.  OcUvo,  602  pages,  with  351  illustrations, 
including  34  colored  inset  plates.     Cloth,  $4.00,  neL     Just  Ready. 

SCHMIDT  (LOOTS  E.).  AN  EPITOME  OF  GENITO-URINARY  AND  VENE- 
REAL DISEASES.  12mo,  249  pasfes,  21  illustrations.  Cloth,  $1.00,  neL  Lea's 
Series  of  Medical  Epitomes.    Sm  page  10. 

SOHREIBER  (JOSEPH).  A  MANUAL  OF  TREATMENT  BY  MASSAGE 
AND  METHODICAL  MUSCLE  EXERCISE.  TransUted  by  Walter  Mendkl- 
SON,  M.D.,  of  New  York.     Octavo,  274  pages,  with  117  engravings. 

800TT  (R.  J.  E. ).    See  State  Board  Examinations,  page  14« 

SENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plate^  10  of  which  are  colored,  and  9  engravings, 
aoth,  $2. 

SERIES  OF  OUNIOAL  MANUALS.  A  Series  of  AuthoriUtive  Monographs  on 
Important  Clinical  Subjects,  in  12mo.  volumes  of  about  550  pages,  well  illustrated.  The 
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